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Gated frequency measurement. 

B sweep triggering during the 
intensified portion of the A sweep. 

Intensified portion frequency is 
measured with the counter/timer/ 
DMM, 



Delay time measurement. Delay 

lime from the start of A sweep to 
the start of the B sweep is mea- 
sured with crystal accuracy. 




Channel 1 dc volts measure- 
ment. The average dc compo- 
nent of a waveform is measured 

directly through channel 1 with 
direct digital fluorescent readout. 



The Tek 2236 combines 
100 MHz, dual timebase 
scope capability with 
counter/timer/DMM 
functions integrated into 
its vertical, horizontal 
and trigger systems. For 
the same effort it takes to 
display a waveform you 
can obtain digital readout 
of frequency, period, 
width, totalized events, 
delay time and Mime to 
accuracies of 0.001%. 

The same probe is 
used to provide input for the 
CRT display and the digital 
measurement system, 
resulting in easy set-up, 
greater measurement confi- 
dence and reduced circuit 
loading. Probe tip volts can 
also be measured through 
theCh 1 input. 

Precision measurements 
at the touch of a button. 
Auto-ranging frequency, 
period, width and gated 
measurements are push- 
button-simple. And the 2236 
offers an independent float- 
ing 5000 count, auto-rang- 
ing multimeter with side 
inputs for DC voltage mea- 




Bandwidtrt 



100 MHz 



No of Channels 



2 + Trig. View 



Max. Sweep Speed 5 ns/div 



Digital 

Readout 

Features 



Direct Ch 1 Voltage Meas. 0.5% DC; 2.0% 

AC RMS 
Resistance: .0111 to 200 Megil 
Continuity/Temp: Audible/Cor F" 
Totalizing Counter: — 1 counts to 8,000,000 
Direct Frag. Meas: 100 MHz to 0.001% ace. 
Period, Width Meas: 10 ns with 10 ps max. 

resolution 



Timing Meas. 
Accuracy 


.001% (delay and A-time with readout) 


Trigger Modes 


P-P Auto, Norm, TV Field, TV Line, Single 
Sweep 


Weight 


7.3 kg (16.2 lb) 


Price 


$2650 


Warranty 


3-year including CRT (plus optional service 
plans to 5 years) 



surementsto0.1%, 
A built-in, auto-ranging 
ohmmeter provides 
resistance measurements 
from 0.01 nto2Gn— as 
well as audible continuity. 
Automatic diode/junction 
detection and operator 
prompts serve to simplify 
set-up and enhance 
confidence in your 
measurements. 

The 2236: scope, 
counter, timer, DMM 
plus a 3-year warranty 
—all for just $2,650. 
Contact your nearest dis- 
tributor or call Tek toll-free. 
Technical personnel on our 
direct-line will answer your 
questions and expedite 
delivery. Orders include 
probes, 30-day free trial and 
service worldwide. 

Call Tek direct: 

1-800-433-2323 for 

video tape or literature, 

1-800-426-2200 for 

application assistance or 
ordering information. 

In Oregon, call collect: 
1-627-2200 
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If you're considering buying a video 
camcorder, you have a lot of decisions to 
make. Do you go for a 8mm system or for a 
VHS-C model? Perhaps even a full-sized 
VHS camcorder would serve your purposes better with its long re- 
cording time and compatibility with your present VCR. We've taken 
an in-depth look at the video camcorder market. We explain all you 
need to know to make an intelligent choice. A price and feature 
roundup is included. 

Our model is holding a Sharp VC-C50UA VHS-C camcorder with 
features such as HQ circuitry, automatic focus, 6X power zoom wiLli 
macro focus, and more. 
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THE APRIL ISSUE IS 
ON SALE MARCH 3 

BUILD A ROBOT CONTROL COMPUTER 

Now you can give your robot some smarts. 

BUILD AN ACID-RAIN MONITOR 
You may be surprised at what you find. 

SPREAD-SPECTRUM COMMUNICATIONS 

What it's all about. 

BUILD A COMMERCIAL ZAPPER 

Now you can enjoy only the music you want to hear! 



As a service to readers. RADIO-ELECTRONICS publishes available plans or information relating to newsworthy products. 
techniques and scientific and technological developments. Because ol possible variances in the quality and condition of 
materials and workmanship used by readers, RADIO- ELECTRONICS disclaims any responsibility for trie sale and proper 
functioning ol reader-built projects based upon or from plans or information published in this magazine. 

Since some ol Ihe equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. palents. 
RADIO-ELECTRONICS disclaims any liability for Ihe Infringement of such patents by the making, using, or selling of any such 
equipment or circuitry, and suggests I hat anyone interested in such projects consult a patent attorney. 
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ake your home 
into something special! 






That's exactly what your home will 
be when you fill it with Heathkit elec- 
tronic products — products that make 
your lire easier and more enjoyable. 
Within our diverse line are kit and 
assembled products sure to enhance 
each room in your home. 

1. Make your entryway 
more secure and easy to use 
with the Keyless Doorlock. 

You'll never again be locked out 
because of lost or forgotten keys. 
All it takes is a simple fingertip 
entry of a four-digit code, and 
the Keyless Doorlock unlocks your door. 

2. Add a new 

dimension to your 

living room with i 

your own Comput-| 

erized Weather 

Station. This Digjta) Weather Station 

displays up-to-the-minute temperature, 

wind, and Darometric pressure readings, 

along with time and date. 

3 • Give your kitchen a 
unique blend of style 
and efficiency with our 
Digital Wall Clock. This 

easy-to-build kit keeps time 
with quartz-crystal accuracy. And 
with its simulated oak wood-grain finish 
cabinet, you'll have a timepiece that fits into 
almost any decor. 

4 • Put your den to 
greater use with this 
IBM PC AT Compatible 
Computer. Do word 
processing, personal 
accounting and more 
when you run exciting 
IBM-compatible software on 
your fast and powerful HS-241, And you 
can build it yourself in just a few hours 

5 • Bring the latest 
in digital tech- 
nology to your 
bathroom. This Dig- 
ital Scale lets you closely 
monitor your weight with electronic 
precision. And, it's battery operated so 
it's safe to use right out of the shower. 

6. Add a video 
entertainment cen- 
ter to your bedroom. 

Our 1 ^'-diagonal 
stereo TV kit gives you 
an extra-sharp color- 
corrected picture with full stereo sound, 
and convenient viewing that you can con- 
trol from your bed. Comes in a simulated 
walnut cabinet that complements your 
room. 







7. Transform you ij 
rec room into a 
haven for hobby 
fun. Put our Deluxe 

QRP CW Transceiver in this room and en- 
joy superb HAM radio operation that ex- 
cells in performance and features. It offers 
expandable transmission and reception 
capabilities. 

j 8. Give your workbench 
.3 a touch of profession- 
1 1 alism with this oscil lo- 
Sl scope. Whether you're a 
service technician or a hobbyist, you'll love 
the wide range of measurement capability 
our laboratory-grade Dual Trace 10 MHz 
Oscilloscope gives you. 

9* Add practicality 
to the utility room 

y.too. 

Avoid expensive food 
spoilage with our Freezer 
Alarm that 




j^i'. 



warns you when the inside temperature of 
your freezer rises too high. Prevent water 
damage with our Food Alarm that warns 
of water that's where it shouldn't be. 



youi 




10. 



Make 

coming and going 



! ye 
:dg 

easier than ever. 

Your garage door will 
open with incredible 
ease and dependability with our Deluxe 
Garage Door Opener. Easy to install, this 
opener is durable and includes a handy 
security light. 

You'll find fun and excitement with 
every Heathkit product. Whether 
they re in kit form or already as- 
sembled, our products will help you 




Heathkit 
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New technique checks 

Scientists at the General Electric 
Research & Development Center, 
Schenectady, NY, have demon- 
strated that a new magnetic-reso- 
nance computer-imaging tech- 
nique, called projection angiogra- 
phy, can be used to make 
noninvasive measurements of 
blood flow through the veins and 
arteries of the human head and 
neck. The new technology could 
play an important role in the diag- 
nosis and treatment of strokes and 
other conditions where knowl- 
edge of the blood flow to the brain 
is important. 

In magnetic resonance imaging, 
a powerful magnetic field, radio 
waves, and computers are used to 
inspect internal body organs and 
structures. In the imaging pro- 




A FORM OF MAGNETIC RESONANCE scan- 
ning, projection angiography, makes it possi- 
ble to measure blood (low to the brain. 



brain's blood supply 

cedure, the patient is positioned 
within the 1-meter bore of a 5-ton, 
doughnut-shaped superconduct- 
ing magnet whose magnetic field 
is 30,000 times stronger than the 
that of the earth's. The patient is 
then probed with high-frequency 
radio signals. Under the magnetic 
field's influence, those signals "ex- 
cite" hydrogen atoms in the blood 
and other body organs, causing 
them to resonate. The resonance 
signals are picked up by an anten- 
na and retransmitted to a special- 
purpose computer that converts 
the data into a picture of the object 
being imaged. 

GE's new technique makes it 
possible to distinguish between 
signals given off by the moving 
atoms in the bloodstream and 
those given off by the motionless 
hydrogen atoms in body organs. 
The signals from the moving atoms 
are highlighted so that the inten- 
sity of the displayed image varies 
proportionally with speed. 

If a blood vessel is not as bright 
as it should be, the blood is flow- 
ing sluggishly, indicating the pres- 
ence of a disease such as 
arterioscleriosis that is narrowing 
the passage. Arteriosclerosis can 
clog a major blood vessel, inter- 
rupting blood flow, which can 
cause severe and permanent brain 
damage, resulting in paralysis, loss 
of speech, impaired reasoning, or 
death. Early detection by magnetic 
resonance imaging could prevent 
many deaths and limit the tissue 
damage due to such conditions. 



Electromagnetic shielding a 
billion-dollar business 

"Shielded room" took on a new 
meaning in 1978, when the State 
Department put up aluminum 
screens to shield the U. S. Embas- 



sy in Moscow from electronic in- 
vasion by Soviet agencies. Now 
the White House, the FBI Building, 
and such facilities as data process- 
ing centers are shielded routinely. 
The urge for shielding is creat- 



ing a new business, electromag- 
netic compatibility, says Frost & 
Sullivan, a market research com- 
pany that is based in New York and 
London. 

Reasons other than the fear of 
political or economic espionage 
are behind much shielding, of 
course. In the computer field es- 
pecially, shielding is often neces- 
sary to protect sensitive equip- 
ment and data from harmful 
outside radiation. 

New liquid-level sensor can be 
used in harsh environments 

An extremely sensitive liquid- 
level sensor that operates in se- 
vere temperature and/or radiation 
environments has been de- 
veloped at Sandia National Labora- 
tories {Albuqurque, NM 
87185-5800). 

Developed for use in a nuclear 
energy research program, the sen- 
sor can be adapted for a wide 
range of applications in which liq- 
uid-level changes ranging from a 
fraction of an inch to several feet 
need to be monitored. 

Its inventors say that it could be 
used in nuclear power plants that 
typically use water to cool fuel. 
There also may be ways to use sen- 
sors operating on that principle in 
the chemical and petroleum pro- 
cessing industries, where high 
temperatures and corrosive en- 
vironments are common. 

The basic system includes a 
coaxial cable probe, partially sub- 
merged in a liquid, and associated 
electronics and equipment, which 
combine to provide continuous 
information. 

The sensor determines liquid 
level by comparing certain fea- 
tures of the electromagnetic sig- 
nals that are sent simultaneously 
through transmission lines con- 
tained in the probe and in a refer- 
ence line. R-E 



electronic components 



Attention Hobbyists, Students. Engineers & Electronic Enthusiasts! 



One-Stop Component Center 



JE232CM RS232 Interface 

(Commodore™ VTC-20 £ C-64) 




National/TI/Motorola/lntel/SAMs 
Data Books 




Fans, Finger Guards 
and Plug Cords 



Integrated Circuits 
(E)EPROMs, RAMs, MPUs, etc. 




Linear Taper 

Potentiometers 

ft* 



Wire Wrap Sockets/ 
Header Plugs/Covers 



RS232 25 Contact 
D-Subminiature Connectors 



JE215 Adjustable Power 
Supply Kit 



&9+* 
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VitetanrJ. LaracoAfineland 

NEW MEXICO 

AlbuoAierque Electronic City 

NEW YORK 

AmhersL Aud* Centor 

Amherst Heaih/Zenilh 

Belhpage. Electronic No. 2A Inc. 

Buhalo Radio Eqwpmenii Corp, 

Cornniack, , Spartan Electronics 

Jamestown. Warren Radio 

Johnson City. Umcom Electronics 

Kingston Greylock Electrcnics 

Miooleton . . Greylocli, Etectrmics 

Nwrturnh Acuon Audio Inc. 

NewYcA. Ttt\ Eiectrontcs 

M White Piajfti Hea*i/Z«* 

Plataourgh. Champlain Etedronics 

Fbughkeepsie. . . Greylock Electronics 

Rochester -Heath/Zenith 

Tn/f. Trojan Electronic Supply 

Utica. Cenlral Etectronics 

NORTH CAROUNA 

Greensboro Healh ^Zenith 

NORTH DAKOTA 

Bismarck. , . Holden Electronics 

Fargo. , , Digital HospriaJ 

Fargo, S/5 Electronics 

John Imspn Company 



OHIO 

Akron Warren Radio 

Bryan. Bemie's Electric 

Canton. Electronic Centor Inc. 

Cleveland Mealh^Zenriti 

Lancaster, Electronic Supply Co. 

Parma, , Supencr Electronics 

Toledo. IteathrZeniih 

ToWffi, Warren Radio 

- . Amateur Electronic Suppty 
Ross Radn to. 



OKLAHOMA 

Bartlesirtlle. Afi-Stato Electronics 

Oklahoma City. Radti Supply 

Oktahoma City. Ikb Eleclronics 

Wsa, "ice Electronics 

OREGON 

Eteaverton Norvac Etectjonics 

CorvaJIrS Zero Gee Eleclronics 

Eugene Norvac Electronics 

Rnrtbnd Portland Radio Supply 

PENNSYLVANIA 

Chambersdurg. . . . Sunrise Electronic Dist 

Drexei h is Kass Oectronic Dist, 

.Era. . Warren Radio 

Ftaar, , Heath/Zenith 

Pf- 3d*:ph a Headnj'Zeniih 

F",i adelph a Jan 'ndusmal 

Phoennvilie Steven's Radio Snack 

York, Computer Cenler of >b<fc 

RHODE ISLAND 

Cransion Jabbout Eiecuonics 

Pawiuckei . . . . Jjbdour Etedronics 

TENNESSEE 

Bristol Shield's Etectronc Supply 

Chattanooga. . Sh*kt's Electronk: Swppry 
KnojfvWe- Stield's Elecironic Suppty 



TENNESSEE (Continue^ 

Memphis Blirtl City EleclrofHCS 

Memphis. warre-i Ftocio 

NashviUfl . . . . EooV Warners Inc 

Hashwlt , Eteciij Dist Go 

Smyrna, . . . . Oelker Etedronics 

TEXAS 

Brownsville. ...... George's Electronic Mad 

Dallas. Healh/Zenith 

Harikjeo Ceocne's Elecironic Mad 

Houston Annie Electronics 

McAllen Georne's ElKVori»c Mad 

McAlten VaJley VMe EtedFonics 

Odessa. miitlock Insirumeni 

Ertchardson. . , . Martn Wholesale Electronics 

UTAH 

Cedar City. 1 4 C Electronics 

MWrtte, Healh.'Zen^h 

Ogden. Carter Supply Co. 

Salt Lake City. KirnbaJi Electronics 

VERMONT 

Surlfnrj:on Greylock Bectronica 

VIRGINIA 

A/mandate. Arcade Electronics 

Arlington . Aikrtgton Etectjomc vVhotesalers 

Btackstmrg; , , , Scottys Radio £ TV 

Bristol. Shield's Eledronic Supply 

Charlottesville EI.R. Eiecooflxs 

Charbrteswlle. , ... Graves Electrodes 

Hampton Cain Electronics 

Lynchburg Etectronic Servia Co. 

Norfolk Avec Etedronics 

Hortolk. Cain Electronics 

Norfolk ............. Priest Etedronics 

Norfolk Radio Parts BisL 

Richmond Awe Electronic* 

Roanoke. , Avec Bcctron«s 

Roanoke People's Electran*cs 

Sprioglield . ABfiS Corp, 

Vienna. Electronic Equipmeivl Sank 

Virginia Beach Cain Electronics 

Winchester Slinsm Elecbonics Inc. 

Wocdbridg* ECE. 

WASHINGTON 

Bellevue AB.C Cdmmunicaiions 

BeHinjham. Cascade Electronics 

Cheney. Long's Electronics 

Gig Harbor. . , Northwest Etedronics 

Pullman HfiO Eleclronics 

Seattle AB.C Communicaiions 

Seartle ArnateurRadioSupplv 

Seattle. Electronic Suppry Co. 

Spokane Bits.6ytes fi Nibttes 

lacoma C&G Bectroncs 

WEST VIRGINIA 

Fairmonl TIPS. Bectranics 

Morgantown. Electro Dist. Co. 

VAieeltnn. Inoustronics 

WISCONSIN 

Kenosha Chester Etedranic Supply 

~~ FOREIGN 

Canada: 

British Columbia/ 

VteiKia Fort Micro Systems 

Ontario/ 

Wretsaugu, Naoonal Etecvonic 

El Salvador PRElSA 

Guamr 

Anana. Marianas Electronics 

Gu»t*fn*ui . . . Etectranrca Pan Americana 

Panama Sdnnel SA 

Panama "frapefco SA 

Puerto Rico: . , « „ ; Kato Rev 

Mjoocornciirter Store 
Saudi Arabia: 

Jeddah , , Hisham Nwartaii Esabifshmeini 
Jeddah. ....... Technical Computer Service 



• Quality Components • Competitive Pricing • Instant Delivery 
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Video 
News 




DAVID LACHEXTBKUCH, 

COIirrRIBUTING EDITOR 



• CD's go video. The digital audio Compact 
Disc, or CD, was originally an offshoot of Philips' 
development of the laser videodisc. The audio CD 
itself has given birth to several offspring. 
Perhaps the most prominent of those is the CD- 
ROM, which provides vast amounts of storage for 
computer data. Also on the way is an interactive 
CD, called CD-I. 

But the latest development will bring the CD 
full circle. It's called Compact Disc- Video, or CD-V 
for short, and contains video as well as audio 
material. 

Philips recently held private demonstrations of 
their CD-V for movie and record-company 
officials in New York and Los Angeles. The CD-V 
shown provided five minutes of analog video and 
up to 20 minutes of digital audio on a 4.75" CD. 
The video is recorded on the outside part of the 
disc; the audio is recorded toward the center. The 
CD-V is compatible with the all-audio CD — that is, 
the CD-V player can play an all -audio CD. In 
addition, Philips is preserving compatibility with 
videodisc players. The company says it plans to 
issue 8- and 12-inch CD-V's that, In effect, will be 
the same as Laserdiscs but with digital sound 
tracks. Analog audio tracks will also be retained 
to preserve compatibility with existing 
Laservision players. Pioneer is already selling 
players that can play standard audio CD's as well 
as 8- and 12-inch discs with digital audio; 
therefore, Philips, in effect, has invented 
something that is on the market already. 

Although there have been discussions on 
setting standards for CD-V, Philips apparently 
chose to go ahead on its own with the 
demonstrations. Publicly, the company said they 
were for informational purposes only, but 
observers at the demonstrations were told that 
machines and discs were due in late 1987 or early 
1988. 

Philips' efforts have met with some criticism. A 
highly placed Sony Corporation of America 
official said that no standards had been adopted 
for CD-V and that Sony opposed the Philips 
system because, unlike the other CD systems, it 
was not compatible with the three international 
television standards (NTSC, PAL, and SECAM). 



Therefore, CD-Vs developed for one standard 
could not be used with players of the other two. 
The same official charged that Philips' system 
represented an attempt to "recoup its enormous 
investment in Laservision." Sony indicated that 
the development of true standards for a CD-V 
system would take more than a year. 

• 8mm video's potential. Although 
companies backing the VHS format officially 
oppose the adoption of the new 8mm video 
format, most Japanese companies are doing quiet 
research on the potential of the 8mm system. 
Because the system was developed by a 
committee of engineers from a large number of 
companies in the video industry, it was designed 
with built-in flexibility and potential for 
improvement. 

For instance, although the new VHS-C 
camcorders are just about as compact as the 
8mm versions, the latter have potential for 
startling further size reduction. VHS-C, on the 
other hand, probably has gone about as far as it 
can go in miniaturization. The reduction in the 
size of the VHS-C transport was accomplished 
largely by reducing the size of the head drum by 
almost half and increasing its speed. Further 
reductions in size appear not to be feasible. On 
the other hand, the full-size 8mm head drum 
starts out considerably smaller than that of the 
VHS system. Those exploring Snun's potential 
point out that its head drum could be reduced in 
the same way as VHS's. Further, because of the 
design of the 8mm cassette, a reduced-size head 
drum virtually could be fitted inside the cassette 
itself. 

Other future 8mm developments can only be 
hinted at. The system, of course, has an option for 
a digital-audio track, and some 8mm VCR's can be 
used as digital-audio recorders by recording 
sound on six tracks, with no video. What if one or 
more of those audio tracks were used for digital- 
video information? One result could be still 
pictures with sound. Another possibility is up to 
six simultaneous digital still- video tracks, with 
the user switching from one to any other by 
means of a wireless remote control. R-E 



Easier Testing. By Comparison. 

Seopemate 2.™ With Your Scope Or Ours, 

Still The Best Price Solution 

For Good/Bad IC and Component Testing. 



Now you can economically test all 
types of analog, digital and hybrid 
components — including resistors, capaci- 
tors, diodes and ICs with up to 40 pins — 
using a simple X-Y oscilloscope. In the 
field or on the bench, in-circuit or 
out-of-circuil Without tedious pin-by-pin 
or contact-by-contact testing. 

It's made possible by Seopemate 2™ 
from Beckman Industrial. All it does is 
plot voltage vs. current. Just a lot easier, A 
lot faster. 

Seopemate 2 compares components 
known to be good with those to be tested, 
giving you a very accurate and fast way to 
identify bad devices. The voltage vs. 
current plot from a known good device is 
compared to the device under test. In fact, 
since there's no complex numerical test 
data to interpret, Seopemate 2 is ideal for 
less experienced personnel. 

And, at 1495 it doesn't take too long 
to figure that Seopemate 2 may pay for 
itself in saved testing time. Real soon. 
Seopemate 2 comes with a simple yet 
comprehensive operator's manual, a 
complete set of leads, interconnect cables 
and plug-in transformer. 

Although Seopemate 2 will work 
with just ahout any X-Y oscilloscope, 




Beckman Industrial Circuitmate™ Model 
9020 offers capabilities seldom found on 
other scopes costing less than $500. 

Proven capabilities such as delayed 
sweep for easy bandwidth analysis, zoom- 
in for short-duration events, a variable 
holdoff function for a stable display of non- 
periodic signals — even beam finding to 



Seopemate 2' 
$495.00 



' IC/Component Tester 



Test Method: Direct Visual Comparison (known good 
vs. device under test) 

Test Sockets/Interface: 20 and 40-pin ZIF IC sockets; 
banana jacks 

Power: 120 or 22QVAC, 5Q/60HZ, 5VA max. (specify) 

Circuit Test Voltage/Current: 14VAC RMS (voltage, 
appro*,); 30QM AC RMS (current, approx.) 




9020 20MHz Delayed 
Sweep Oscilloscope 
8495.00 

Vertical Accuracy: ±3% 
Time-based accuracy: ±3% 
Input Impedance: IMohm 
35pF(2%) 

Input Max. Voltage: 400V 
(DC+pos. peak AC) 

Sweep Delay Ranges: 
10,1,0.1ms; 10,1, 0.ys 

Mode: Normal, search, delay 



locate and return trace to view regardless 
of control settings. And switchable X1/X10 
probes give you more sensitivity for low 
frequency measurements, less circuit 
loading for high frequency measurements. 

For real value, combine the 9020 and 
Seopemate 2 for performance and flexi- 
bility unmatched by systems costing 
SI ,500 or more. For less than 11,000. 

Both Seopemate 2 and our Circuit- 
mate Model 9020 illustrate a simple com- 
mitment by Beckman Industrial— to 
provide service test instruments that meet 
your needs. Whether through advanced 
technology or value-oriented applications 
of proven technology, Beckman Industrial 
gives you the right features at the right 
price, with service test instruments built 
to rigorous standards of quality and 
reliability 

Visit your Beckman Industrial 

distributor today and find out how the 

ruggedly reliable Seopemate 2 and the 

9020 Oscilloscope can meet your 

needs. And why they offer the best 

value around. By comparison. 



InServioe 
Instruments, 

WeteThe One. 
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Beckman Industrial Corporation, Instrumentation Products Division 

A subsidiary of Emerson Electric Company 

t>}0 Puenle Street, Bra, CA 92621 

(714) CT4B00 • FAX: (7M) (714874 • TLX: BB790 

© 1986 Beckman Industrial Corporation 
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Cf£ MAKES THE 
WORLD OF 

ELECTRONICS 

YOURS. 



TV oday's world is the world of electronics. 
To be part of it, you need the right kind of 
training, the kind you get from Cleveland 
Institute of Electronics, the kind that can take you 
to a fast growing career in business, aerospace, 
medicine, science, government, communica- 
tions, and more. 

Specialized training. 

You learn best from a specialist, and that's CLE. 
We're the leader in teaching electronics through 
independent study, we teach only electronics and 
we've been doing it for over 50 years. You can put 
that experience to work for you just like more than 
25,000 CIE students are currently doing all 
around the world. 

Practical training. 

You learn best with practical training, so CIE's 
Auto- Programmed® lessons are designed to take 
you step-by-step, principle-by-principle. You also 
get valuable hands-on experience at every stage 
with sophisticated electronics tools CIE-designed 
for teaching. Our 4K RAM Microprocessor 
Training Laboratory, for example, trains you 
to work with a broad range of computers in a 
way that working with a single, stock computer 
simply can't. 

Personalized training* 

You learn best with flexible training, so we let you 
choose from abroad range of courses. You start 



with what you know, a little or a lot, and you go 
wherever you want, as far as you want. With CIE, 
you can even earn your Associate in Applied 
Science Degree in Electronics Engineering 
Technology. Of course, you set your own pace, 
and, if you ever have questions or problems, our 
instructors are only a toll-free phone call away. 

The first step is yours. 

To find out more, mail in the coupon below. Or, if 
you prefer, call toll-free 1-800-321-2155 (in Ohio, 
1-800-523-9109). We'll send a copy of CIE's 
school catalog and a complete package of enroll- 
ment information. For your convenience, we'll 
try to have a representative contact you to answer 
your questions. 



Cleveland Institute of Electronics 

1 776 East I7lh St . . C level a ml , Ohio 441 14 

YES! I want to get started. Send me my CIE school catalog including 
details about the Associate Degree Program. I am most interested in: 

□ computer repair □ television/high fidelity service 

□ telecommunications □ medical electronics 
D robotics/automation D broadcast en g ineering 

□ other 

Prim Name 



Address . 
Cilv 



Apt. 



State _ 



Zip. 



Age. 



Area Code/ Phone No. 



Check box for G . I . Bulletin o n Ed ucat ional B enefits ARE-56 

□ Veteran □ Active Duty MATT, TODAY! 
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UNDERSTANDING CATV 
LINGO 

Please translate the hodge-podge 
of terms used by the American ca- 
ble-TV industry to describe their 
bands and frequency allocations. 
Here in West Germany, the CATV 
channels are 7 MHz wide, and the 
allocations are 118 to 174 MHz, 
Channels S3 through SI 0, 1 30 to 300 
MHz, Channels S11 through S20. 

I'd like to have the same type of 
information on American cable TV. 
Some of the terms used are Mid- 
band, MID A5-A1, Super J-W, Hyper 
AA— ZZ, 105-channel cable-ready, 
and 137-channel cable-ready. — H. 
N., APO New York. 

Many channels are available to 
the CATV companies; they're lo- 
cated above and between the 
channels usually used for our off- 
the-air fare. In all but the simplest 
CATV systems, a converter must 
be used to process the incoming 
cable-TV signals so they can be fed 
to the TV set. Usually, cable con- 
verters provide output signals on 
standard TV channels 2, 3, or 4. 
Most companies have "premium" 
channels that cannot be viewed 
unless additional fees, above the 
standard monthly rental, are paid. 

In some cases, the program is 
scrambled at the source and a de- 
coder or descrambler is needed to 
view the program. In other cases, 
the premium channel is filtered 
out in the "drop" line feeding the 
cable subscriber's home. 

In addition to the low VHF 
{Channels 2 through 6, 54 to 88 
Mhz), FM broadcast band {88to108 
MHz), high VHF (Channel 7 
through 13, 174 to 216 MHz), and 
UHF (Channels 14 through 83, 470 
to 890 MHz), cable companies 
have available several bands of fre- 
quencies, including: 
• Mid-band — -frequencies be- 




FIG. 1 



tween 88 and 174 MHz. The nine 
channels are usually designated A 
through I. 

• Super-band — includes frequen- 
cies between 216 and 300 MHz. 
The fourteen channels are usually 
designated J through W. 

• Hyper-band — several channels 
between 300 and 402 MHz. 

In most cases, the cable compa- 
ny supplies the converter box (and 
descrambler, when needed) to 
feed the cable signal into either 
channel 2, 3 or 4; channels are se- 
lected by controls on the front 
panel of the converter. 

A cable-ready set does not re- 
quire a converter to receive the 
basic CATV service. The set has an 
electronic tuner that can be 
switched to receive all, or nearly 
all the channels likely to be used 
by a CATV company. A 105-channel 
cable- ready set covers twenty- two 
channels, in addition to the eighty- 




WRITE TO: 

ASK R-E 

Radio-Electronics 
500-B Bi-County Blvd. 
Farmirtgdale, NY 11715 



two available for off-the-air tele- 
casts. The 137-channel sets 
provide fifty-four additional chan- 
nels of programming. 

The CATV system in my area of- 
fers "Super-Basic" for $13.25 a 
month. Their line-up includes 
twenty-nine channels, including 
four premium channels. "Home 
Box Office" (I I BO, a movie set- 
vice) is trapped out at the "drop" 
feeding the subscriber's home. 
"Premium Movies," "The Movie 
Channel," and "The Disney Chan- 
nel" are scrambled; to receive 
them, the subscriber must rent a 
descrambler for an additional 
$9.00 per month. 

HELICAL RESONATOR TRAP 
I enjoyed the article on TV de- 
scrambling in the lime 1986 issue 
and became particularly interested 
in the method of scrambling by in- 
troducing a RF carrier as deliberate 
interference. Our local cable com- 
pany uses that method of scrambling 
HBO on Channel 4. Following the 
author's suggestion, I can obtain a 
reasonably good picture by con- 
necting a quarter-wave section of 
300-ohm twin-lead across the line. 
The author also mentioned using a 
helical resonant cavity made from a 
coffee can and a few feet of copper 
tubing. Now I'm totally confused. 
The interfering signal has a wave- 
length of about 4.2 meters, so the 
dimensions of either a cylindrical or 
a rectangular resonator should be 
similar. Evidently, the key word is 
"helical." Can you refer me to any 
literature describing the design of 
that type of resonator? — T. J. K., Co- 
lumbia, SC. 

Figure 1 shows the physical de- 
tails of a helical resonator. When 
the inner conductor is wound into 
a helix, a resonator with a Q rang- 
ing into the thousands can be 
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XEROX 8 COMPUTER FOR BUSINESS, AND PERSONAL USE! 



XEROX" 1 . . . The Name You Can Trust' 

For over 20 years, Xerox® has been the 
world leader in office automation and copy- 
ing equipment They have set standards that 
others can only imitate. The Xerox® 6064 
Personal Computer was designed to meet 
the demands of business, professional, and 
personal computing today, and into the 
futurel We are proud to offer this complete 
Xerox® System at a remarkably LOW price. 
Compare for yourself. ..then buy your Xerox* 
6064 from COMB.! 

Get the Xerox® Advantage! The Xerox® 
PC offe rsyoutheadvantageofrunninglBM™ 
■compatible MS T "-DOS. so you can run the 
hundreds of business and professional soft- 
ware programs available todayl And the 
Xerox® PC is easy to use! It's designed to get 
you up and running as quickly as possible 
with computer-aided instruction and supe- 
rior documentation covering ail aspects of 
personal computing. 

Xerox®... Service You Can Count On! if 

you're considering an IBM™-compatible, 
don't be misled by price alone! The system 
we are offering is a complete system... very 
easy to hook up and use. ..and very afford- 
able. But more than that, each system we sell 
is backed by Xerox® service and support 
When you buy this system, your name and 
computer's serial number is automatically 
registered with Xerox®. Should you need 
service or advice, a network of over 150 
service centers stands ready to help you. 
Before you buy... compare! Xerox® is your 
best value! Check all these features: 

• IBM'"-PC Compatibility. 

• Standard 83- Key PC Keyboard with 
Mouse Interface (Mouse Not Included.) 

• High- Resolution Monochrome Monitor, 
with 10" Diagonal No n -Glare Screen, 
Swivel and Tilt Housing. 

e Two 5'/*" Floppy Disk Drives. 

• 256KB Memory. 8MHz Intel 8086-2 
Microprocessor for Faster Speed, Less 
Waiting Time. 

• Seven Expansion Slots, Serial Port for 
Communications or Printer, and Parallel 
Printer Port 

• Comes with Screen Mate 1 ", a User 
Friendly Guide to the Functions of the 
MS*"-DOS Operating System. 

» Menu Driven... No Need to Remember 
Complicated Commands! ScreenMate™ 




Lets You Select from a Menu and 
Provides Clear On- Line Instructions If 
You're Confused About Your Next Step. 

Complete Tutorial Software and 

Manuals Included: 

• "Getting Started" Booklet. 



• Four Reference Guides. 

• Four Software Programs: Two X-Cer y 
Training Disks, Two Diagnostic Disks, 
GW"- BASIC Interpreter, and MS™- 
DOS/ScreenMate*" Operator's Guide. 

• Twenty Blank Disks, 



Over 150 Service Centers Nationally. 
Manufacturer's Limited 90-Day Warranty on Parts/Labor. 



ust Price $ 2764.80 

Liquidation Priced At Only 



*999 



Item H-21 78-71 18-557 Shipped Freight Collect Ship Wt.: 79 lbs. 

XvotS end Dig IdinWyino numbm h*rti in IridiiTwks of XEROX' CORPORATION. 



Toil-Free: 1-800-328-0609 



Credit Card customer* can order 

by phone, 24 hrs. a day. 7 days a week. 



SEND ME THE ITEMS I HAVE LISTED BELOW 

Safes outside 48 contiguous stales are subject to 
special conditions. Please call or write to inquire. 



Item No. 



Qty. 



Item 



TOTAL (Products plus ship, handling) 



Price 



S/H 



SEND TO: Item H-2178 

C.O.M.B. Direct Marketing Corp. 

1405 Xanlum Lane N/ Minneapolis, MM SS441-4494 

Sand the items indicated aUelt (Minnesota residents add 6% sales tax. sorry, no C.O.D.) 

D My check or money order is enclosed. (No delays in processing orders 

paid by check-) 
Charge: □ VISA* □ MasterCard e D Discover SM D American Express*! 

/ 
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achieved. During developmental 
studies on the device, resonators 
were built that operated at fre- 
quencies ranging from approx- 
imately 2 MHz (in a 7-inch 
diameter shield) to 1000 MHz (in a 
0.7-inch diameter shield). Un- 
loaded Q ranged from 400 to 2000. 
Unloaded Q is about 50 times 
the shield diameter (in inches) 
times the square of the resonant 
frequency (in MHz). Shield length 
(B) is about 30% greater than diam- 
eter (D). 



Other variables involved in the 
design of a helical resonator are: 

• b- — axial length of coil in inches 

• d — mean diameter of coil 

• d — conductor diameter 

• t — center-to-center spacing of 
turns 

• Z — characteristic impedance 

• &— skin depth 

Skin depth is a frequency-de- 
pendent factor that is the depth 
below the surface of a conductor 
where the current density has di- 
minished to 1 neper of the current 
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CABLE TV 
* SPECIALS * 

CONVERTERS 

JERR0L0: JRX-3 DtC— 3B Channe I Corded Remote »1 49. " 

JSX-3 DIC— 36 Channel Set Top *129." 

SB-3— 'The Real Thing/ . . '119. *• 

SB-3A-4 port *99.» 

ZENITH; MAC Cablt Add-On «1 99, •> 

VIEW STAR: EVSC-2010— 60 Channel Wireless— 

with Parental Lockout » 99." 

EVSC-2010 A-B-Same as above with 

A-B Switch «109." 

View Star 2501 —60 Channel Wireless 

with Volume *119." 



MISCELLANEOUS 

OAK: N-12 Mini-Code ' B9." 

M-12 Mini-Code Varl-Sync '109." 

N-12 Mini-Code Varl-Sync Plus Auto On -Off . . '165." 

JERR0L0: 400 4 450 Handheld Transmitters * 29." 

HAMLIN: MLD-1200 * 99." 

NEW ITEMS: 



Rlpco Tape Copy Stabilizer '149.^ 



Scientific Atlanta Call for Price 

OAK: E-13 Mini-Code Substitute * 79.» 

E-13 Mini-Code W/Vari-Syn * 89 » 

ALL UNITS GUARANTEED. QUANTITY PRICES AVAILABLE. 

UNITED ELECTRONIC SUPPLY 

P.O. BOX 1206 • ELGIN, ILLINOIS 60121 • 312-697-0600 



density on the surface. 

Because of the complexity of the 
way those variables interact, we 
cannot give complete design de- 
tails here. But, for example, using 
rough calculations from available 
data, the inside diameter of a 
shield for a Channel-4 helical-res- 
onator trap can range from 6 
inches (for an unloaded Q of 2000) 
to 0.4 inch (for an unloaded Q of 
about 180). 

For complete helical resonator 
design data, see one or more of 
the following: 

• "Coaxial Resonators with Heli- 
cal Inner Conductor," W. W. Mac- 
alpine and R. O. Schildnecht, 
Proceedings of the IRE, December 
1959, pp 2099-2103. 

• "Helical Resonator Design 
Chart," W. W. Macalpine and R. O. 
Schildnecht, Electronics, August 
12, 1960, pp 141-144. 

• "Helical Resonator Design," 
Lawrence E. Stoskopf, 73 Maga- 
zine, Dec. 1973, pp 49-52. 

• "Taking Out the 2-Meter Gar- 
bage," Donald R. Molen, QST, 
June 1972, pp 48-50. 

• "A Review of Transmission Lines 
As Circuit Elements," Wilfred 
Jensby, QST, Nov. 1966, pp 34-39. 

• "Coaxial Tank VHF Filters," Ed- 
ward Tilton, QST, Oct. 1964, pp 
11-15. 

• "Two-Stage Cavity Filter for Two 
Meters," Stirling M. Olberg, Ham 
Radio, Dec. 1973, pp 22-25. 

• "Lines and Resonators with 
Helical Inner Conductor," 
Reference Data for Radio Engi- 
neers, 4th Edition, pp 600-603. 

MORE ON PEST REPELLERS 
An article in your July 1985 issue 
discussed ultrasonic pest repellers. 
The author mentioned several de- 
vices and their prices. Can you pub- 
lish the addresses of sources of these 
devices? — T. A., Nicolet, AZ. 

The author says that he saw the 
three devices mentioned in the ar- 
ticle advertised recently, but did 
not note names or addresses. Re- 
cently, however, a repeller called 
Super Bug-Away has been adver- 
tised on stations carrying CNN 
programs in the early morning 
hours. The Bug-Away costs $29.95 
plus $2.00 postage and handling. 
Call 1-800-367-2400 for information 
and literature. 

continued on page 89 
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TAKE THIS 
GIANT $86.50 
HANDBOOK FOR 
ONLY $14.95. . . 

When you join the Electronics and Control 
Engineers 7 Book Club 



® 



You simply agree to buy 3 more books — all at substantial 
discounts - within the next 12 months. 



STANDARD HANDBOOK FOR ELECTRICAL ENGINEERS, 
mh Edition. 

Edited by Donald G. Fink and H. Wayne Beoty. 

* 2248 pages, 1863 i [lustrations and fables 

it Fully updated to cover all recent advances and developments 

if Written and compiled by 1 1 5 leading experts 



The essential reference for Electrical Engineers! 



Why you should join today: 

THE BEST AND NEWEST BOOKS FROM ALL PUBLISHERS - Books ore 
chosen Irom a wide range or publishers, by expert editors and consultants, 
to give you the best selection of books in your field. 

BIG SAVINGS - Build your professional library at savings of usudlly 
20-30% and often as much as 40% off publishers' list prices. 

BONUS BOOKS - Von will immediately begin to participate in our Bonus 
Book Plan that allows you savings ot up to 70% oft publishers' prices oi 
many professional and general interest books. 

CONVENIENCE - 14-16 times o year (about once every 3-4 weeks) you 
will receive the Club Bulletin FREE It ru I ly describes the Main Selection and 
a variety of alternate selections. A dated Reply Card is included. If you wanl 
the Main Selection, simply do nothing - It will be shipped automolicolly. II 
you wont on alternate selection or no book at all, indicate it on the Reply 
Card and return it by the date specified. You will have at least 1 days to 
decide. If because of late delivery of the Bulletin you receive a Main Selec- 
tion you do nol won), you may return it for cieditatthe Club's expense. 

As o Club member you ogree only to the purchase of three additional 
books, from over 300 different iltles thai will be offered, during the first year 
of membership. Membership moy be cancelled by either you or the Club at 
any time after you hove purchased the three additional books. 



The Twelfth Edition of this classic handbook provides 
up-to-the-minute information in such rapidly changing 
areas as nuclear power generation, high-voltage trans- 
mission systems, and alternative energy sources. It 
also covers such essentials as basic circuits, magnet- 
ics, power distribution, telecommunications, industrial 
electronics and electrical standards. All information is 
geared toward the practicing engineer and organized for 
quick on-the-job reference. 

Take advantage of this outstanding limited-time offer 
-join the Electronics and Control Engineers' Book Club 
today and get your Handbook for only $14.95! 

FILL OUT THIS COUPON AND MAIL TODAY 



lm 

McGraw-Hill Book Clubs 

Electronics and Control Engineers' Book Club 

PO. Box 582, Hightstown, NJ 08520-9959 
Please enroll me as a member and send me the STANDARD 

HANDBOOK FOR ELECTRICAL ENGINEERS, 12th Edition 
(209/758) for just $14.95, plus local tax, shipping and 
handling charges. I agree to purchase a minimum of three 
additional books during my first year of membership as out- 
lined under the Club plan described in this ad. I understand 
thot o shipping ond handling charge is added to all 
shipments. 



Signature. 
Name 



Address/Apt. #. 

City 



.Zip. 



State 

This order subjecl to acceptance by McGraw-Hill All prices subject to change 
withoul notice Offer good only to new members. Foreign member acceptance 
subject to special conditions 
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Letters 



MASZOTA TOOL ORGANIZER 

Two years after opening Austin - 
Belmont TV in Chicago, IL, after 
having worked for 10 years as a 
Field Engineer for Zenith, the frus- 
tration of trying to find tools on a 
cluttered workbench forced me to 
seek a better method of organiza- 
tion. We had tried conventional 
organizers — magnetic tool hold- 
ers, bars with rounded metal 
loops to hold individual tools, etc. 
They didn't work for us! Service 
technicians were still wasting time 
lookingfortoolson thetr benches. 
Also, there was no organization of 
any kind tor the many odd-sized 



tools and service accessories used 
daily by our men. 

I decided to solve the problem 
and created the organizer de- 
scribed below. Our problem was 
solved immediately. We have used 
the organizer since 1971, and it has 
proven to be the best organizer 
that we have ever seen or used — 
far surpassing what was then and is 
now on the marketplace. The 
organizer differs from other 
organizers by the fact that tools are 
contained by resting against a peg- 
board wail at odd angles inside a 
drum of chicken wire. 

Although it can be built in dif- 






/.BTTE&S 

soo-s Bi-couwry souls va&d 
FAAMMGOALE, NY t/73S 



ferent sizes, we use an 18-inch 
square piece of chicken wire. The 
wire is rolled to form a drum, and 
the drum is secured by tying the 
short, cut ends of the wire, or by 
sewing them together by weaving 
a single strand of copper wire 
through both ends of the roll. 

Using conventional pegboard 
hooks, the drum is hung on a peg- 
board in a visible area, within easy 
reach of the normal standing (or 
sitting) position by the work- 
bench. Tools of any size and shape 
can literally be thrown into the 
organizer. The technician does not 
have to think consciously about 



Small Outlines. No Problem, 



With A P Products™ brand SOIC Test Clips. 

1 Allows sate, convenient, fast and easy testing of normally 
hard-to-access Small Outline Integrated Circuits (SOICs). 

■ Eight sizes available tor .30" and .15" package sizes. 

■ Helical compression springs and insulating contact »«£; 
combs ensure contact integrity during testing. 

• Permits devices stacked as close as .025" 
end - to ■ end to be tested sim u Itaneousl y. , 

■ Standard .025" square contacts on .10" centers 
at the probe end ot the clip easily accept test probes 
or single row female socket connectors. 

• Steel hmge pin and acetal thermoplastic body provide long 
service life, 

• Available with alloy 764 un plated and gold plated leads. 

For immediate response contact a local authorized AP Products 
Prototype &Tesl Devices distributor Or telephone 800-321-9668 
or (216J 354-2101 in Ohio for further information 

We Solve Problems. 



Associated Electronics/3M 

A P Producis Prototype & Test Devices 
9325 Progress Parkway, RO. Box 540 
Mentor, Ohio 44060 
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HITACHI OSCILLOSCOPES 
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V-212 

20 MHz Dual Channels 

Convenient 0, 10, 90 and100% 
amplitude markings, vertical mode 
triggering, 1 mV/div. sensitivity & 
±3% accuracy, TV sync separation 
circuit, X j Y mode, low drift, £/ioq 




'The ALLEN INDUSTRIAL ELECTRONICS GROUP 
highly recommends these fine Industrial Quality 

^ HitclChi Oscilloscopes" 

Richard S, Vlatton MSEE 

Sales Manager 

ALLEN 

INDUSTRIAL ELECTRONICS GROUP 



HITACHI 

AVE UP TO $850.00! 




V1100A 

IQOMHz/Quad Channels, 
8-trace, delayed sweep, CRT 
readout, digital measurement. 

$2260. 
V1070A 

100MHz/QuadChannels, 
8-trace, delayed sweep, CRT 

readout ...$1610. 

V1050F 

100MHz/Quad Channels, 
8-trace, delayed sweep. 

$1395. 
V650F 

60M Hz/Triple Channels, 

delayed sweep $1057. 

V-422 

40MHz, DualChannels. $785. 



VC6041UG 

40MHz, sampling, dual 
channels, 1mV dual trace, 6" 
CRT, 4k words per channel, 

GPIB option ...$5180. 

VC6041UX 

40MHz, digital storage, 1mV 

dual trace, 6" CRT, 4k words 

per channel $4380. 

V509 

50MHz, dual channels, mini 

portable, delayed sweep, 

$1199. 
V134 
1 0MHz, dual trace, bi-stable 

storage $1395. 

V209 

20MHz, dual channels, AC- 
DC, mini portable $815. 



V222 

20MHz Dual Channels 

Same as above with DC offset to 
measure signals having DC com- 
ponents, CHI output and DC offset 
voltage monitor outlet available for 
external counter or DVM*, alternate 
magnify function provides x1 and 
x10, sweep waveforms to be simul- 
taneously displayed, apj ^ 

'The purchase of a Model V222 oscilloscope 
entities you to purchase a Revere Model RDMT10 
3 1/2 digit, 10 amp. scale digital multi-meter for 
$39.95! Regular price is $49.95. Offer applies 
only to Hitachi Model V222. 



WM. B. ALLEN SUPPLY COMPANY, INC 

ALLEN SQUARE 

THE 300 BLOCK * NORTH RAMPART STREET 
NEW ORLEANS * LOUISIANA 70112-3106 

LOUISIANA TOLL FREE 800 462 9520 ■ NEW ORLEANS (504) 525 8222 




THE 928 PAGE 
WM. B. ALLEN 

ELECTRONICS CATALOG 
A $15.00 VALUE 

FREE! 

WITH ANY PURCHASE 



ALL MAJOR 

CREDITCARDS 

HONORED 



CALL NATIONWIDE TOLL FREE 



800 535 9593 



24 HOURS A DAY! 
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NRI Trains You At Home— As You Build 
Your Own IBM PC Compatible Computer 



GET THE KNOW-HOW 
TO SERVICE EVERY 
COMPUTER ON THIS 
PAGE... 
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Learn the Basics the NRI Way- 

and Earn Good Money Troubleshooting 

Any Brand of Computer 

The biggest growth in jobs between now and 1995, 
according to Department of Labor estimates, will 
occur in the computer service and repair business, 
where demand for trained technicians will actually 
double. 

You can cash in on this opportunity— either as a 
full-time corporate technician or an independent 
service-person — once you've learned all the basics of 
computers the NRI way. NRI's practical combination 
of "reason-why" theory and "hands-on" building skills 
starts you with the fundamentals of electronics, then 
guides you through advanced electronic circuitry 
and on into computer electronics. You also learn to 
program in BASIC and machine language, the 
essential languages for troubleshooting and repair. 

Total Computer Systems Training, 
Only From NRI 

No computer stands alone . . . it's part of a total 
system. To really service computers, you have to 
understand computer systems. And only NRI includes 
a powerful computer system as part of your training, 
centered around the new, fully IBM PC compatible 
Sanyo 880 Series computer. 
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iilirtd Tf idem art of IBM Corpora tiers. 

I Trademark ol Epson America. Inc. 
togo ato RaglslfiHtd Trademarks oi Apple 



Applo 

Computer, Inc. 

Compaq is s Rtg'lslsnd Trademark of COMPAQ Computer Corporation. 
MftflS AT&T TachnalDgir*$, Inc. 
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i start with 

step-by-step 

:mbly of the new, highly-rated, Sanyo 

lputer. You install and trouble- 

at the "intelligent" key- 

rd. Then you assemble the 

/er supply, install the disk 

e, and add extra memory to 

: you a powerful 256K RAM system. 

new 880 computer has two operating speeds: 
idard IBM speed of 4.77 MHz and a remarkable 
10 speed of 8 MHz, making it almost twice as 
as the IBM PC. Next, you'll interface the high- 
dution monitor and begin to use the valuable software 

included with your complete computer system. 
It all adds up to confidence-building, real-world 
erience that includes training in programming, circuit 
gn, and peripheral maintenance. You'll be learning 
ut, working with, servicing, and troubleshooting an 
re computer system— monitor, keyboard, computer, 

disk drive, power 





Your NRl tola! systems training includes: 
• NRl Discovery Lpb' to design and modify 
circuits * Your lour-tunetion, digital 
multimeter with walk.yoU'through 
instructions on audio tape • Digital logic 
probe lor visual examination of keyboard 
circuits ■ The newest Sanyo 530 Series 



Com p ute r wi I h " i nte I lige nt"' keyboard and 
360K double-density, double-sided disk 
drive? • High resolution monochrome 
monitor • 8K ROM, 256K RAM • Bundled 
software including GW BASIC. MS-DOS, 
WordStar, CalcStar ■ Reference manuals, 
schematics, and bite-size lessons. 




supply— to ensure that you have 
all the essential skills you need 
to succeed as a professional 
computer service technician. 

No Experience Needed, 
NRl Builds It In 

This is the kind of practical, 
hands-on experience that makes you uniquely prepared, with 
the skills and confidence you need for success. You learn at your 
own convenience in your own home. No classroom pressures, 
no night school, no need to quit your present job until you're 
ready to make your move. Your training is backed by your 
personal NRl instructor and the NRl technical staff, ready to 
answer your questions and help you when you need it. You get 
it all with NRl at-home training. 

100-Page Free Catalog Tells More 

Send the postage-paid reply card today for NRI's big, 
100-page, color catalog on NRI's electronics training, which 
gives you all the facts about NRl courses in Microcomputers, 
Robotics, Data Communications, TV/ Audio/Video Servicing, 
and other growing, high-tech career fields. If the reply card is 
missing, write to the address below. 



SEND COUPON TODAY FOR FREE NRl CATALOG! 



SCHOOLS 

McGraw-Hill Continuing Education Center 

3939 Wisconsin Avenue, NW. Washington. DC 20016 

We'll give you tomorrow. 

Iff CHECK ONE FREE CATALOG ONLY 

U Computer Electronics 

~j TV/AurJioWideo Servicing 

D Satellite Electronics 

3 Robotics &. Industrial Control 

3 Industrial Electronics 

71 Telephone Servicing 

□ Digital Electronics Servicing 






For Career courses 
approved under Gl Bill 
H check lor details. 



Basic Electronics 
Electricians 

Small Engine Repair 

Air Conditioning, Heating, & Ref . 

Locksmilhing & Electronic Security 

Photography 

Bookkeeping & Accounting 



Name (Please prinlj 



Age 



CilvfSlateKip 



Accredited by the Naliorial Home Study Council 
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where to place the tool. Also, odd- 
sized supplies, such as tape, rules, 
small instruments, etc., can be 
stored by inserting them so that 
they lie safely in the drum of the 
organizer. There is no searching 
for tools. They stay put, and are 
easily retrievable when needed. 

We are pleased to offer the 
above description to the readers of 
Radio-Electronics for their own use 
(not for sale) as a token of appre- 
ciation for the wealth of informa- 
tion provided by the magazine 
readership to us over the years. 

Anyone interested in mass pro- 
duction of the organizer for profit 
is welcome to get in touch with us 
concerning a transfer of the rights 
to this invention. 
RICHARD "DICK" MASZOTA 
A-B Television 
3 North Melbourne Street 
Beverly Hills, FL 326665. 

SCHEMATIC ERROR 

I have spotted an error in Fig. 2 
in the October 1986 "Ask-RE" de- 
partment. I think that readers will 
be able to build more satisfactory 



baluns if they will shorten the lon- 
gest dimension shown in the 
drawing slightly. It should be 
about 50", depending on the for- 
mula you use to calculate length, 
rather than the 53W shown. 
MICHAEL CHEDIAK 
Sherman Oaks, CA 

KUDOS FOR JACK DARR 

After reading you for many 
years, I finally felt the urge to tell 
you how much I have enjoyed your 
column, "Service Clinic," and 
your answers to service questions. 
While I am not a TV repair man, I 
still read your material, because 
you are teaching the most impor- 
tant thing of all: how to think. 

That may sound absurdly sim- 
ple, but you do it better than any- 
one else I have come across. For 
me, you are 75% psychological 
and 25% the best repairman in the 
business. It is something like the 
case of the wise old sage who tried 
to teach hungry people how to 
plant and grow grain, not how to 
eat it. 

I would like to pass along my 



thoughts on what were my own 
stumbling blocks. Every time I ran 
into a problem that should have 
taken five minutes to solve, but 
ended up taking five hours, I 
would look back and carefully ex- 
amine what made it take so long. 
The answer almost always boiled 
down to one simple phrase: / took 
something for granted. 

I looked at the glass fuse and it 
looked good. 

I put in a brand new part; it just 
came from the factory, so it must 
be good. 

This is a brand new part; it must 
be within company specs. 

There is an insulated wire. I can 
see the wire coming out of each 
end of the insulation. There must 
be something it the middle. (It was 
burnt up.) 

I can see solder sitting on the 
top; it must be soldered. 

The relay turns on and off; it 
must be OK. (It had a magnetized 
core and would not release.) 

This company just told me that 
they make the best part in the 
business. Would they lie? 
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JERROLD CORDLESS CABLE 
TV CONVERTERS 



MODEL STARCOM-460 T— ■-- 



Volume control 
68 channels 
Mule control 
Automatic iine tuning 



Instant channel recall 

Programmable to go on at 

a particular channel and off 

automatically 

Compatible with descramblers 




ANY QUANTITY! ■****■ 



JERROLD CORDLESS CABLE TV 
CONVERTER 

model DRX3-105/400 

$GCk9l 



69 



53 channels 

Remote channel changing 
Remote on/off switch 
Remote fine tuning 



JERROLD CORDED 
CABLE TV CONVERTERl 
MODEL JRX3-105 
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JERROLD CORDLESS CABLEl 
TV CONVERTER. 

MODEL DR27450. 

* 66 channels 

* Automatic line lunlru 

* A/8 switch Option 
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$69.95/ 



579.95 ea. 



"THE RABBIT" 

VIDEO MUIJIPLYING SYSTEM 

TR-7000 

SC-1 95 A 

12 up 




IT'S LIKE HAVING A 
VCR IN EVERY ROOM 





770 Amsterdam Ave.. New York, NY 10025 

SHIPPING CHARGES 
For Orders Add 

525-100 S6 50 

$100-500 S8 50 

S500 750 S1050 

S750ondup S2000 
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The complete line of 
Flameproof Resistors from NTE Electronics. 



NTE Flameproof Resistors are designed 
to provide you with a premium quality 
replacement device . . . that won't f lameout or 
short even under the most severe overloads. 

Our resistors range in capability from Va 
Watts to 25 Watts with resistance values 
from 1 to 2.2 Megohms. 

They're totally noncombustible with a 
metallic resistance material between a 
nonresistant core and a special ceramic 
outer cover. 

NTE Flameproof Resistors are the ideal 
replacement components for electronic 
games, telecommunications, medical, data 
processing, military, broadcast and home 
entertainment equipment. 

Don't take chances with your expensive 
equipment. Use NTE Flameproof Resistors 
. . . they handle the current. 



LOOK FOR THE FULL LINE OF QUALITY NTE 
REPLACEMENT PARTS AND PRODUCTS: 

• Transistors 

• Thyristors 

• Integrated Circuits 
•Rectifiers and Diodes 

• High Voltage Multipliers and 
Dividers 

• Optoelectronic Devices 

• Zenars 

■ Microprocessors and Support 
Chips 

■ Memory ICs 

■ Thermal Cut-Ofts 

• Bridge Rectifiers 

■ Unijunctions 

• RF Transistors 

• Microwave Oven Rectifiers 

■ Selenium Rectifiers 

• Flameproof Resistors 

■ Wire Ties 

• Electrolytic Capacitors 
- Static Control Products 

For more information or the name of your local distributor, 
call or write NTE. 





NTE Electronics, Inc. 

44 Farrand Street, Bloomfield, New Jersey 07003 
(Outside N.J.) 1-800-631-1250 • (N.J. only) 1-800-624-2624 
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Those are just a few of our stum- 
bling blocks. The fellows who 
work for me think that I must bean 
old hard-head whenever I bring 
such things up to them. However, 
every time that they run into a 
problem that takes all day to solve, 
it usually comes back, of course, 
to having taken something for 
granted. 

Our primary business is the 
custom-building of electronic 
flash units that are used in many 
ways other than taking pictures. 
We design the flashtubes and have 
them custom-made, and we de- 
sign the power supplies to fire the 
flashtubes. Our two primary 
house rules are: (1) Don't take it 
for granted. (2) Test that new part 
before you put it in. Those two 
rules save us more time than any- 
thing else, I would be lost without 
my curve tracer and special con- 
denser tester. 

Thanks again, Jack, and please 
keep up the good work for many 
more years! 
DEVON RENO 
Country Club Hills, li 



INFORMATION REQUESTED 

My previous requests for infor- 
mation have never failed to 
produce results from other read- 
ers — sometimes six months later, 
but always a response. I am most 
grateful. 

Now I need information on tun- 
ing and base-end assembly details 
of a 50's model, Webster Band 
Spanner (ham) mobile antenna. I 
hope that someone can help. 
MICKMcDANIEL 
940 Temple Street 
San Diego, CA 92106 

HELP WANTED 

For lack of anywhere else to 
turn, I am writing to you. I hope 
that you can help. 

A friend of mine owns a Hewlett 
Packard model 130-B 100-MHz os- 
cilloscope. The scope is inopera- 
ble, and we cannot find any ser- 
vice manuals, schematics, or even 
operating manuals for it. We have, 
of course, tried to get information 
from HP, but they claim to no lon- 
ger have any information on that 
scope. We would appreciate any 



help readers could give us in this 

matter. 

JAY BECKETT, JR., 

10804 Porter Street 

Crown Point, IN 46307 

HAM RADIO PRIVACY 

Herb Friedman's November 1986 
column is somewhat misleading, 
Mr. Friedman interprets the ability 
to electronically screen incoming 
transmissions as privacy. Readers 
may assume that such "privacy" 
means that others do not hear the 
subject transmissions. The only 
privacy afforded by those systems 
is similar to the privacy achieved 
by closing one's eyes in a crowded 
room. None of the various call- 
screening systems (sub-audible 
tones, RTTY selcall, Packet Radio, 
Digital Coded Squelch, etc.) pre- 
vent any listening station from 
hearing any transmission. 

The Amateur Radio Service has 
always been careful to avoid en- 
cryption or privacy in amateur 
transmissions: Amateur Teletype 
Over Radio (AMTOR) is a variation 
of the commercial SITOR teletype 
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The Super Converter 8001 Features: 

-• Listening to 810-912 MHz Band on a UHF 
Scanner and /or Other Monitor Receivers 

-• Easy Connections to Your Receiver 

-• 9 Volts Battery Operation Power Source 
and Power On indicator by LED Display 

-• External Power Jack Size. 79(w) k 30(H) x wo(D)mm 

Warranty 

-• 180 Days From Date of Purchase 

Unit Cost 

-• $59.94 plus $4.00 Shipping and Handling Charge 



EASY LISTENING 

• FOR 810 TO 912 MHz BAND 
SUPER CONVERTER 8001 

• FOR YOUR UHF SCANNING 
RECEIVER AND OTHERS 

A super-converter 8001 has been certified by 
FCC part 15 regulation^ 



HO IV TO ORDER 



Name: — 
Address: 

City: 

Zip: 



State: 

Phone ( ) 

Make Check or Money Order payable to 

6RE AMERICA, INC 
1 Mail to: GRE AMERICA, INC. 
I 425 Harbor Blvd.. Belmont. CA 94002 

Unit Cost (u $59.94 x 



Oly. 
CA. Residents Add 6.5% Tax 



Tolal 



Shipping & Handling (u $4.00/ 
I Unit x = 



I 



Qty. 

PAYMENT METHOD TOTAL > 

□ Check 

[ I Mastercard 

Card No. . 



I i Money Order 
□ Visa 



Expiration Date . 



Signature . 



I 



PHONE ORDER: 800-233-5973 
or 415-591-1400 
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system that was developed to 
eliminate the encryption inherent 
in SITOR; Transmission in ASCII 
was not allowed in the Amateur 
Radio Service until only a few 
years ago. Section 97.117 of the 
FCC rules prohibits the use of 
codes or abbreviations where the 
intent is to obscure the meaning of 
communications. In fact, privacy 
in communications is counter to 
both the spirit and the regulations 
of the Amateur Radio Service. 

Digital or sub-audible-tone 
squelch and selective receiving 
systems do let the listener refuse 
those transmissions outside his or 
her interest. That ability is useful 
to Amateur Radio operators in 
many situations. For example, an 
operator who is part of a storm- 
watch network can set the radio so 
that only transmissions from 
others in the network will open 
the squelch. That does not prevent 
operators outside the network 
from hearing those transmissions, 
but it allows our hypothetical ham 
to pursue his or her normal house- 
hold chores with a minimum of 
interruptions from the radio. 73. 
BOB SCHETCEN, KU7G 
Assistant Technical Editor 
American Radio Relay League 



NOT TRUE 

Part 3 of the article "How to De- 
sign Oscillator Circuits" by Joseph 
J. Carr (Radio-Electronics, Sep- 
tember 1986) is incorrect where 
the author states: "For example, a 
squarewave with a fundamental 
frequency of 200 Hz would be 
composed of a 200-Hz sinewave, 
plus 400-Hz, 600-Hz, 800-Hz ... 
sinewaves." 

That isn't true. A squarewave is 
composed only of the fundamen- 
tal and odd harmonics having pro- 
gressively smaller amplitudes. For 
example, the amplitude of the 
third harmonic (600 Hz) is % that of 
the fundamental, the fifth isVs, etc. 

Maintaining correct basic 
knowledge of electronics is hard 
enough without having to correct 
such misleading statements. 
L M. MORRISH 
Hendersonville, NC 
We made the error in attempting 
to amplify Mr. Can's point. We 
apologize to him and to our read- 
ers. — Editor 



LRRORS AND OMISSIONS 

I am writing primarily about "In- 
side the Telephone," which ap- 
peared in the October, 1986 issue 
of Radio-Electronics. While gener- 
ally informative, it does contain 
some errors and omissions. 

In Fig. 5 the contacts in the dial 
network are shown open. At all 
times but the instant of sending a 
pulse the contacts are closed. The 
labels on the hook switch are re- 
versed; the telephone circuitry is 
connected to the line while off- 



hook, not while on-hook. The 
ringing signal is not connected to 
the line toward the instrument 
through a transformer, as shown, 
but rather, during ringing, the 20- 
Hz is connected to the line 
through the windings of a ringing 
trip relay {or equivalent) so as to be 
able to determine when the instru- 
ment goes off-hook. 

There is an important omission 
regarding description of the ring- 
ing signal. Typically, it is 86 volts of 
20-Hz superimposed on -49-volts 
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35 MHz DUAL TRACE OSCILLOSCOPE 
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DC. The DC is needed to operate 
the ringing trip relay when the call 
is answered. 

The description of dial pulses 
needs to be revised. The state of 
the circuit during the time one 
would dial is closed, with normal 
line current of 20 to 120 mA. When 
a digit is dialed, the dial-pulse con- 
tacts open the circuit once for a 1, 
twice for a 2, etc. The pulse rate is 
required to be in the range of 8 to 
11 pulses per second, and the per- 
cent break time must be in the 
range of 58% to 64%. The interval 
of high (normal) current between 
breaks is consequently 36% to 
42%. 

Those times have absolutely 
nothing to to with conserving bat- 
tery power, but rather they are es- 
tablished by the operating and 
releasing times of several respond- 
ing relays and other electro-me- 
chanical devices in the step-by- 
step switching system. That 
switching system is a descendant 
of the Stowager system that is 
mentioned in the article. 
KENNETH E. STONE 
Cherryvale, KS 



[HE REASON BEHIND RH 

Finally someone has come out 
on the side of amateurs and other 
radio operators and stated the real 
reason behind RFl. (See "Commu- 
nications Corner" in the Sep- 
tember 1986 issue.) Most of the 
time, it's not the fault of the radio 
operator (although it is some- 
times), but rather the fault of a 
poorly designed piece of equip- 
ment. With all the products on the 
market that have little or no filter- 
ing, and little or no shielding, it's 
no wonder that we've seen the 
number of problems we have. 

If we wish to do something 
about it, we do have an alter- 
native: We must educate the aver- 
age person as to the real causes of 
the problem. If the consumer 
demands a well-built product, 
some manufacturer will produce 
one. Then, perhaps, we will no 
longer have to explain how it 
could be the fault of our neigh- 
bor's sound system, and not our 
CB or ham transmitter. 
JOSEPH A. CONSUGAR, KC3XM 
Annapolis, MD 

continued on page 35 
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Not all 
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Competitor's rebuilt RCA module RCA rebuilt RCA module 

Only modules rebuilt by RCA guarantee RCA quality* 



Recently, one of our competitors 
slashed prices on their rebuilt RCA 
modules by up to 40%. Sounds good, 
until you review their products' perfor- 
mance. Then you'll wonder why they 
didn't do it sooner. 

To demonstrate, we selected a 
random cross-section of their "bargain" 
boards for inspection. Using the same 
stringent testing methods RCA applies to 
its remanufactured boards, more than an 
incredible 70% of their rebuilt modules 
were rated unacceptable. 

Some simply didn't work. 
Others lacked design updates, or 
had a wrong or missing component 
The rest suffered from problems in 




workmanship, such as the use of wire 
to bridge broken circuit board etchings, 
which could affect both reliability 
and performance. 

Which all goes to show, RCA modules 
remanufactured by RCA remain your best 
bet. Ours are re-created to perform as 
well as, if not better than, the RCA 
original. Each contains the latest design 
updates. And all are thoroughly tested, 
inspected, and covered by warranty. 
Their rebuilt modules may cost less, 
but the quality just isn't equal. 
So do it right the first time. Insist on 
RCA. Because the quality and per- 
formance are built in. 



WM ffe MM Distributor and 



Special Products Division 
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Fluke 7fl Series Analog/Digital multi- 
meters are like money in the bank. Buy 

one, and you're guaranteed to save both time 
and money. 

Money, because you get longer battery life 
and longer warranty coverage — 3 years vs. 
1 year or less on others. 

And time, because 70 Series meters are 
easier to operate and have more automatic 
measurement features. 

So before buying any meter, look beyond the 
sticker price. And take a closer look at the new 
low-priced $79 Fluke 73, the $99 Fluke 75, and 
the deluxe $139 Fluke 77 In the long run, they'll 
cost less, and give higher performance, too. 

And that, you can bank on. 

For a free brochure, and your nearest distrib- 
utor, call toll-free 1-800-227-3800, ext. 229. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

IflukeI 



} 1985 Fluke 
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Equipment 
Reports 



Fluke LCA-10 Line 
Current Test Adapter 

This multimeter accessory 

makes measuring line 

current a snap! 

CIRCLE 9 ON FREE INFORMATION CARD 
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If you've ever wanted to measure 
the amount of current used by a 
line-powered device, you've had a 
couple of choices: you could 
break the leads and use a standard 
multimeter, or — if you were lucky 
enough to have one — you could 
use a clamp-on ammeter. But now 
there's a much cheaper and easier 
way: use your multimeter along 
with the LCA-10 line-current test 
adapter from John Fluke Manufac- 
turing Company, Inc. (P.O. Box 
C9090, Everett WA 98206). 

If you need to make line-current 
measurements often, then per- 
haps a clamp-on ammeter is worth 
the investment. If you don't need 
to make line-current measure- 
ments often, then you probably 
end up breaking the leads to put 
your ammeter in-line with the de- 
vice under test when it's neces- 
sary. But the hassle of doing that is 
probably too much of an an- 
noyance if, for example, you just 
want to determine how much cur- 
rent your old refrigerator uses so 
you'll know whether a new model 
is a worthwhile investment. 

The LCA-10 allows you to use 
your multimeter to easily measure 
the amount of current being used 
by a line-powered device. It's cer- 
tainly not a complex piece of 
equipment; it's so simple that we 



were inclined to ask, "Why didn't 
we (or anyone else) ever think of 
that before?" Basically, the LCA-10 
is a convenient way to put an am- 
meter in series with a line-current- 
carrying wire. On one end is a 
three-wire line plug, and a three- 
wire receptacle. However, while 
the ground and neutral conduc- 
tors run straight-through, the hot 
conductor is broken. The two 
ends of the break are brought out 
through a five-foot, heavy-duty, 
insulated wire that's terminated in 
shrouded banana plugs. 
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Using the LCA-10 

To use the LCA-10, you simply 
connect the plugs into the com- 
mon and 10-amp inputs of your 
multimeter, and set your multi- 
meter according to its instruc- 
tions. You then plug the other end 
into a tine receptacle, and plug the 



the fourth law of robotics 

A robot shall make 
learning fun for man 
and thereby improve 
the quality of life 
for mankind. 
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A robot is a robot is 
a robot. . . was a robot. 
Until HERO 2000. 



HERO 2000 is much more than a 
robot. It's a walking, talking 16-bit 
leomputer. With 64K ROM and 24K 
RAM expandable to more than half 
i megabyte. And a fully articulated arm with five 
xes of motion. Yours to program. Command. Modify 
and expand. Total system access and solder less 
experimenter boards provide almost limitless pos- 
sibilities. Its remote RF console with ASCII keyboard 
gives total control. Available with three self-study 
courses. Backed by Heath Company, world leader 
in electronic kits. 



Build your own 

HERO 2000. Or buy 

it assembled. Have 

fun learning skills 

thattranslate ^. 
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world of work. 
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Heathkit 



Mall coupon today to receive a FREE 
HA Heathkit Catalog featuring HERO 2000. 

&\ Ma " t0: Heath Company 
Dept. 020-51 8 
Benton Harbor, Michigan 49022 
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device whose current you want to 
measure into the LCA-10 and turn it 
on. The LCA-10 is rated for 10 amps 
continuous current, or20 amps for 
30 seconds. 

Of course there are a few things 
you have to keep in mind when 
you use the line current test adapt- 
er. Most important, since the 
LCA-10 is designed for use with 
line-powered devices, there is al- 
ways the potential — if you're care- 
less — for_contact with 120 volts. 
Since the banana plugs are 



shrouded, you'd have to really try 
to make contact with the hot lead, 
but accidents do happen. 
However, if you follow the instruc- 
tions to the letter, you'll have the 
device plugged into your multi- 
meter before it's plugged into the 
wall, so you'll be safe. And if you 
follow standard and sensible prac- 
tice, you'll start your measure- 
ments with your multimeter on its 
highest range, so your multimeter 
will be safe, too. 
The multimeteryou use with the 





■ IF YOU'RE THE KIND OF READER that 
doesn't want to wait, you can order your next 
copy of Hands-on Electronics now. Hands-on 
Electronics is crammed full of electronic proj- 
ects that you won't be able to wait to build for 
yourself. You can expect top-notch digital proj- 
ects, fun-to-play electronic games, valuable 
add-on computer projects, BCB and shortwave 
receivers, photographic/darkroom gadgets, de- 
vices to improve your car's performance, test 
equipment ideas, and more in every issue of 
Hands-on Electronics. 



■ YOU CAN HAVE THE NEXT TWELVE IS- 
SUES of Hands-on Electronics delivered to 
your home for only $28.00. You even SAVE 
$2.00 off the single copy price. INCREASE 
YOUR SAVINGS by ordering twenty-four issues 
for only $56.00— a $4.00 SAVINGS off the sin- 
gle copy price. 



■ EVERY ISSUE OF Hands-on Electronics 
will continue to contain a variety of construction 
articles to suit every taste. In addition, feature 
articles on electronics tundamentals, test equip- 
ment and tools will round out each issue. Of 
course, Hands-on Electronics will continue to 
provide new product and literature listings lo 
keep you up to date on the latest developments 
in electronic technology. 

■ GET IN ON THE ACTION! Order your next 
issue of Hands-on Electronics today. Use the 
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LCA-10 should have a high-current 
range. Whatever its maximum, 
you'll have to make sure that the 
device under test draws less cur- 
rent than whatyour meter can han- 
dle. Remember that the inrush 
current a device draws when it is 
turned on is much higher than its 
continuous current. If you're not 
careful, you'll blow the meter's 
fuse, or perhaps damage it further. 
Also, you should be sure that your 
meter accepts banana plugs. 
(Most — but not all — do.) While it's 
certainly not a big project to 
change the safety plugs of the 
LCA-10 to safety jacks, it is some- 
thing to consider. 

The LCA-10 line-current test 
adapter has a suggested U.S. list 
price of $12. We think it's a great 
accessory and well worth the 
price. R-E 

TI/P-CAD PAL STARTER 
KIT 



An introduction to 

programmable array logic 

(PAL) devices. 
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PROGRAMMABLE ARRAY LOGIC (PAL) DE- 

vices are user-programmable (or 
user-configurable) devices that 
can replace TTL logic circuits. They 
offer the electronics designer and 
manufacturer many advantages, 
including the ability to minimize 
the number of components re- 
quired to implement a design. 

We recently had the opportunity 
to examine a kit that offers a fast 
and inexpensive introduction to 
programmable logic devices. It is a 
joint effort of Texas Instruments 
Inc. (P.O Box 809066, Dallas, TX 
75380-9066) and Personal CAD Sys- 
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terns, Inc., (P-CAD, 1290 Parkmoor 
Ave., San Jose, CA 95126); it con- 
sists of software, documentation, 
and four PAL's that you can pro- 
gram. Of course, a programmable 
device is no good if you don't have 
the equipment required to pro- 
gram it. But Texas Instruments has 
arranged for some of its dis- 
tributors to program the four PAL's 
with no additional charge. You 
simply send the PAL's, along with a 
certificate that's provided with the 
kit, and your programming in- 
structions to one of the participat- 
ing distributors. They will program 
the devices and return them to 
you. 

The four devices included with 
the kit are the TIBPAL16L8-12, 
16R4-12, 16R6-12 and 16R8-12. They 
are fast, with a maximum propaga- 
tion delay of 12 nanoseconds, and 
are packaged in 20-pin plastic 
DIP's. The main differences be- 
tween the devices are in the 
number of bi-directiona! (I/O) pins 
and the number of storage regis- 
ters (flip-flop elements). 
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Why a PAL? 

Because PAL's are user-program- 
mable, they are flexible. They al- 
low designers and manufacturers 
an easy way to modify their de- 
signs during development and 
production. Since the logic func- 
tion of each PAL device can be tai- 
lored to suit your needs, a design 
that uses PAL's generally has a 
lower package count than an 
equivalent design that uses con- 
ventional TTL devices. Each PAL in- 
cluded with the kit can replace 
from 3 to 10 TTL IC's, depending on 
how it's programmed. Reducing 
the package count, of course, can 
increase a product's reliability. 
Since PAL's can be programmed to 
replace many different IC config- 
urations, manufacturers can keep 



Exclusive, triple patented dynamic 

cap and coil analyzing . . . guaranteed 

to pinpoint your problem every time 

or your money back 




with the all new LC75 "Z METER 2" 

Capacitor Inductor Analyzer 

Patented $995 

The "Z METER" is the only LC tester that enables you to test all 
capacitors and coils dynamically — plus, it's now faster, more 
accurate, and checks Equivalent Series Resistance (ESR) plus 
small wire high resistance coils. 

Eliminate expensive part substitution and time-consuming shotgun- 
ning with patented tests that give you results you can trust every time. 
Test capacitor value, leakage, dielectric absorption, and ESR dynamically; 
with up to 600 volts applied for guaranteed 100% reliable results — it's 
exclusive — it's triple patented. 

Save time and money with the only 100% reliable, in- or out-of-circuit 
inductor tester available. Dynamically test inductors for value, shorts, and 
opens, automatically under "dynamic" circuit conditions. 

Reduce costly parts inventory with patented tests you can trust. No 
more need to stock a large inventory of caps, coils, flybacks, and IHVTs. 
The "Z METER" eliminates time-consuming and expensive parts substitut- 
ing with 100% reliable LC analyzing. 

Turn chaos into cash by quickly locating transmission line distance to 
opens and shorts to within feet, in any transmission line. 

Test troublesome SCRs & TRIACs easily and automatically without 
investing in an expensive second tester. The patented "Z METER 2" even 
tests SCRs, TRIACs, and High- Voltage Diodes dynamically with up to 600 
volts applied by adding the new SCR250 SCR and TRIAC Test Accessory 
for only $148 or FREE OF CHARGE on Kick Off promotion. 

To try the world's only Dynamic LC Tester for yourself, CALL TODAY, 
WATS FREE, 1-800-843-3338, for a FREE 15 day Self Demo. 



Call Today Wats Free 1-800-843-3338 




3200 Sencore Drive 
Sioux Falls, SD 57107 
605-3394H00 In SD Only 



innovatively designed 
with your time in mind. 
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a smaller inventory of logic de- 
vices on hand. 

Inside the PAL itself is a 
programming matrix of titanium- 
tungsten fuses. Those fuses are 
opened by a programmer, which 
feeds a fusing current through the 
appropriate fuses according to the 
programming instructions. The 
fuses left intact after programming 
determine the logic function of 
the device — they determine how 
the inputs and outputs of the PAL's 
fixed logic array are connected. 



The fixed logic array in a PAL is 
typically a collection of and gates 
whose outputs feed or gates. If 
that doesn't sound like a versatile 
structure to you, we should point 
out that any logical function can 
be represented as a logical sum of 
product-terms. A product-term is 
any combination of input variables 
AND-ed together, while a logical 
sum is the result of oR-ing together 
input variables. 

The conversion from a con- 
ventional TTL design to a PAL de- 




sign is mostly a matter of 
converting a multi-level logic func- 
tion to a 2-level and/or structure. 
That's where P-CAD's software 
comes in handy — we'll look at it 
now. 

CUPL 

P-CAD's CUPL software gives de- 
signers the ability to easily config- 
ure a PAL or other Programmable 
Logic Device (PLD). It is used to 
write and compile logic descrip- 
tions that you then download to a 
device programmer. CUPL runs on 
IBM PC's and compatibles running 
MS-DOS 2.0 or higher. It requires 
at least 512K of RAM, one floppy- 
disk drive, a hard disk with at least 
one megabyte of free space, a text 
editor (to create CUPL source files) 
and a serial port to download fuse- 
map files to the programmer. 

Included with the CUPL pack- 
age is a program CSIM, which al- 
lows you to simulate your design 
before programming a device. It 
also creates test vectors (which are 
compatible with the JEDEC stan- 
dard) for functional testing of the 
device once it is programmed. An- 
other program included with 
CUPL is CBLD, which allows you to 
maintain and build your library of 
device specifications. 

CUPL allows you to describe the 
PAL configuration using either 
truth tables, high-level equations, 
or state machines. (A state ma- 
chine is a logic circuit with regis- 
ters, whose outputs depend on its 
own previous values.) Also, CUPL 
provides four logic-minimization 
algorithms. 

The documentation supplied 
with the kit is, for the most part, 
excellent. Personal CAD Systems' 
CUPL User's Manual is, out of ne- 
cessity, large. But it is well thought 
out, so you don't get lost when 
you look for a particular detail. 

P-CAD also includes an excel- 
lent introduction to PAL program- 
ming called My First Pal Design. It 
gives examples of how to use a PAL 
(and CUPL) to implement a simple 
design. A disk-based tutorial, the 
Programmable Logic User's Guide 
is also well-written. 

At $49, the PAL Starter Kit is an 
excellent introduction to program- 
mable logic devices. We'll take a 
more detailed look at PLD's in a fea- 
ture article later this year. R-E 
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FURTHER REFINEMENT IN ORDER 

I just glanced through Mr. 
Crossblatt's department, "Draw- 
ing Board," in the September, 1986 
Radio-Electronics, in which he cor- 
rects some problems from errors 
in a previous installment, and la- 
ments that only three readers had 
written in to point them out. I'll 
bet that he gets more letters on 
this one. 

Although the correction noted 
regarding the infinite DE loop will 
work in a fashion, I think that fur- 
ther refinement is in order. 

The textual explanation is a little 
misleading in that it implies that D 
and E are directly OR-ed in line 13. 
That is made even more deceptive 
by the fact that the or comes right 
after the DEC DE. As you know, the 
E register is actually being OR-ed 
with A, the contents of which 
should have been loaded from D. 
The first time through the loop, A 
will have been loaded from H prior 
to entering the delay loop. That 
means that the first or will not 
really be a valid one, but as E is not 
initialized to 01 at entry, it is really a 
moot point, as A will assume the 
correct value in line 14, and things 
will be OK thereafter. If the delay 
constant should have been 5101 in- 
stead of 5161, however, that could 
have been a problem if entering 
the loop with A = 0. 

You might point out that this is 
the classic Z80 double-register 
decrement and test for zero situa- 
tion, and that the A register is usu- 
ally loaded from one of the 
registers - before the or is done. 

Another possible source of con- 
fusion to assembly-language 
novices in the routine as pre- 
sented is that the test for the zero 
flag comes right after the LD A,D. 
That can leave the wrong impres- 
sion — that the zero flag is set by 
the LD instruction group, when in 
fact it was the or instruction that 
was responsible for setting the 
flag. 

Keep up the good work. I find 
your column to be in line with the 
kind of noodling that I like to do. 
CHUCK BRILLOWSKY 
Southgate, Ml R-E 



Analyze defective waveforms 

faster, more accurately, and 

more confidently — every time 

or your money back 




with the SC61 Waveform Analyzer 
Patented $2,995 

If you value your precious time, you will really want to check 
out what the exclusively patented SC61 Waveform Analyzer can 
do for you. 10 times faster, 10 times more accurate, with zero 
chance of error. 

End frustrating fiddling with confusing controls. Exclusive ultra solid 
ECL balanced noise cancelling sync amplifiers, simplified controls, and 
bright blue dual trace CRT help you measure signals to 100 MHz easier 
than ever. 

Accurately and confidently measure waveforms from a tiny 5 mV 
all the way to a whopping 3,000 V without hesitation with patented 
3,000 VPP input protection — eliminates expensive "front end" repairs 
and costly equipment downtime. 

Make only one circuit connection and push one button for each 
circuit parameter test: You can instantly read out DC volts, peak-to-peak 
volts and frequency 100% automatically with digital speed and accuracy. 
It's a real troubleshooting confidence builder. 

Confidently analyze complex waveforms fast and easily. Exclusive 
Delta measurements let you intensify any waveform portion. Analyze 
glitches, interference signals, rise or fall times or voltage equivalents be- 
tween levels; direct in frequency or microseconds. 

Speed your digital logic circuit testing. Analyzing troublesome divide 
and multiply stages is quicker and error free — no time-consuming 
graticule counting or calculations. Simply connect one test lead to any test 
point, push a button, for test of your choice, for ERROR FREE results. 

To see what the SC61 can do for your troubleshooting personal productivity 
and analyzing confidence, CALL TODAY, WATS FREE, 1-800-843-3338, 
for a FREE 15 day Self Demo. 



Call Today Wats Free 1-800-843-3338 




sNCORE 

3200 Sencore Drive 
Sioux Falls, SD 57107 
605-339-0100 In SD Only 



innovatively designed 
with your time in mind. 
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Get A Complete Course In 

ELECTRONIC 
ENGINEERING 

8 volumes, over 2000 pages, 
including all necessary math and 
physics. 29 examinations to help 
you gauge your personal pro- 
gress, A truly great learning 
experience. 

Prepare now to take advan- 
tage of the growing demand for 
people able to work at the engin- 
eering level. 

Ask for our brochure giving 
complete details of content. Use 
your free information card num- 
ber, or write us directly. $89.95, 
Postage Included. Satisfaction 
guaranteed or money refunded. 
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Banner 
Technical 
Books, Inc. 

1203 Grant Ave. 
Rockford, IL 61103 
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EARN YOUR 

B.S.E.E. 
DEGREE 

THROUGH HOME STUDY 

Our New and Highly Effective Advanced- Place- 
ment Program for experienced Electronic Tech- 
nicians grants credit for previous Schooling and 
Professional Experience, and can greatly re- 
duce the time required to complete Program and 
reach graduation. No residence schooling re- 
quired for qualified Electronic Technicians. 
Through I his Special Program you can pull all of 
the loose ends of your electronics background 
together and earn your BS.E.E. Degree Up- 
grade your status and pay to the Engineering 
Level, Advance Rapidly! Many finish in 12 
months or less. Students and graduates in all 50 
States and throughout the World. Established 
Over 40 Years! Write for free Descriptive Uf- 
erature. 



COOK'S INSTITUTE 

OF ELECTRONICS ENGINEERING 

_ _ 347 RAYMOND ROAD 

^I| P.O. BOX 703-15 

JACKSON, MISSISSIPPI 3S2Q9 



New 
Products 
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PORTABLE POWERPACK, the 

SideKick, is built around a sealed, 
lead-acid battery that ensures 
maintenance-free service. Be- 
cause the battery is sealed, it can- 
not leak or spill, even if punc- 
tured. It can be operated, stored, 
and charged in any position, even 
upside down. 

With a full charge, the unit will 
run a12-watt camcorder or VCR for 
nearly five hours, a portable televi- 
sion monitor for up to four hours, 
or a 100-watt portable light for 45 
minutes. 

Recharging the powerpack is 
simple, using the built-in charging 



unit. Normal recharge time is 24 
hours, but, unlike NiCd re- 
chargeables, the unit will accept a 
"top-up" charge easily and quickly 
if needed, and can still accept a full 
recharge overnight. The SideKick's 
circuit is protected by a resettable 
thermal breaker. The entire pack- 
age, which includes a charger, a 
plug-in unit, and a battery is 
tucked into a shoulder pack with 
adjustable straps. 

The SideKick has a suggested re- 
tail price of $89.95. — Gates Energy 
Products, Inc., 1050 South Broad- 
way, P. O. Box 5887, Denver, CO 
80217. 



EDITING SYSTEM consists of five 
components that are mounted to- 
gether in a black metal frame to 
give the user complete studio ca- 
pacity at consumer prices. The five 
products are: the Creator — a Spe- 
cial fffects Generator (SEG); the 
Colorizer; the Censync — a com- 
bination genlock/power supply; 



the model 7010 audio-visual pro- 
cessor, and the model 7100 color 
processor. The components may 
also be purchased individually, to 
enable users to expand their sys- 
tems as their needs grow. 

The heart of the system is the 
Creator, a microprocessor-con- 
trolled SEG. The user can create 
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special effects such as polariza- 
tion, posterization, and mono- 
chrome, and get more pattern 
wipes than on any other similarly 
priced SEC. Its suggested retail 
price is $499.95. 

The Colorizer puts a full-range 
of color magic at the user's finger- 
tips when combined with the 
Creator. It can also be used with 
just a VCR. There are nine different 
patterns: color bars and gray-scale 
generator; crosshatch/grid; color 
posterization; dots; art patterns/ 
mosaic-look; psychedelic blend- 
ing, and movement of color pat- 
terns. Its price is $299.95. 
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The Gensync synchronizes sig- 
nals from different sources to en- 
hance the Creator's ability to 
perform like an expensive studio 
SEC. With it, the Creator can pro- 
duce such special effects and mix 
functions as super (superimpose 
one image on another), dissolve, 
or cut. It has a suggested retail 
price of $299.95. 

The model 7010 audio-visual 
processor includes features such 
as a delay control that lets the user 
split the screen into four parts for 
instantaneous comparison when 
adjusting; an image enhancer that 
lets the user control sharpness 
and detail; a noise-reduction cir- 
cuit, and an automatic stabilizer 
with LED that indicates when the 
picture is rock-steady. The sug- 
gested retail price is $478.95. 

The model 7100 color processor 
has controls for flesh tone, chro- 
ma, color saturation/intensity, 
fade, video gain, and delay for 
split-screen comparison. A black- 
reference setup control lets the 
user fine-tune from black for accu- 
rate color reproduction. The sug- 
gested retail price is $379.95. 

The price of the assembled 
Editing System is $2699.00.— Show- 
time Video Venture, 2715 Fifth 
Street, Tillamook, OR 97141. 



Now test and restore every CRT on the 

market . . . without ever buying 

another adaptor socket or coming up 

embarrassingly short in front of your 

customer ... or your money back 




with the new improved CR70 "BEAM BUILDER"™ 

Universal CRT Tester and Restorer 

Patented $995 

Have you ever? 

Thrown away a good TV CRT, data display CRT, or scope CRT that 
could have been used for another two or three years because you had no 
way to test or restore it? 

Lost valuable customers because you advised them that they needed 

a new CRT when another technician came along and restored the CRT 
for them? 

Lost the profitable extra $35 or more that you could have gotten for 
restoring a CRT while on the job and locked in the profitable CRT sale later? 

Avoided handling profitable trade-ins or rentals because you were 
afraid you'd have to replace the picture tube when you could have restored 
it? 

Had a real need to test a CRT on the job, but didn't have the right 
adaptor socket or setup information in your setup book? 

If any of these things have happened to you, CALL TODAY, WATS FREE, 
1-800-843-3338, for a FREE 15 day Self Demo. 

"BEAM BUILDER" is a trademark of Sencore, Inc. 




Call Today Wats Free 1-800-843-3338 

SEMCORE 

3200 Sencore Drive 

Sioux Falls, SD 57107 innouatively designed 

605-339-0100 In SD Only with your time in mind. 
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R-E Engineering Admart 



Rates: Ads are2W x TM'. One insertion $825. Six insertions $800 each. Twelve 
insertions $775 each. Closing date same as regular rate card. Send order with 
remittance to Engineering Admart, Radio Electronics Magazine, 500-B Bi-County 
Blvd., Farmingdaie, NY 11735. Direct telephone inquiries to Arline Fishman. area 
code-516-293-3000. Only 100% Engineering ads are accepted for this Admart, 




CALL NOW 
AND 

RESERVE 
YOUR SPACE 



• 6 x rate $800.00 per each insertion. 

• Reaches 239,312 readers. 

• Fast reader service cycle. 

• Short lead time for the placement of 
ads. 

Call 516-293-3000 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
Engineering Admart, RADIO-ELEC- 
TRONICS. 500-B Bi-County Blvd., Farm- 
ingdaie, NY 11735. 







A professional package enabling 
you to design, edit, print S plot 
electronic schematics. Supports "A" 
through "E" size sheets, over 2000 
Unique Library Parts, Part Rotation, 
Unlimited Hierarchy, Grids, Auto 
Panning, 5 Zoom Levels, Rubber- 
banding, Powerful Macros. Hi-Res 
Color & Monchrome Graphics, Much 
More! $495 Includes Everything. 

Call or Write for Free Demo Disk. 

OrCAD Systems Corporation 

1049 S.W Baseline St. Suite 500 
Hillsboro, OR 97123 
(503) 640-5007 



1 
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CONTROL YOUR DESTINY 

KNOWLEDGE IS POWER 

HOME SATELLITE TV INSTALLATION & 
TROUBLESHOOTING MANUAL {Spanish or English) 

The acknowledged industry home TVftO bible' $29.95 

HOME SATELLITE TV INSTALLATION VIDEOTAPE 

"Instill Si tune up your TVKO' (Spanish or English! ... S39.95 

THE HIDDEN SICNALS ON SATELLITE TV 

'Your TVRO car* detect much more' S19.9S 

— New Book Jfcfoifrf— 

KuBAND SATELLITE TV— THEORY, INSTALLATION 

A N D REPAI R The Ku-Bmd Bible— }S& pag« $1 9.9S 

SATELLITE IV CABLE TV 

SCRAMBLING & DESCRAMBLINC Understand the 

VideoC'tpher and Ottk Orion Decoders $19.95 

—ORDER NOW— 

Send u:-J plus, $2 shipping I or ear: h item Id: 

BAYLIN/CALE PRODUCTIONS 

1905 Maripou — Suite 105 

Boulder: CO B0302 

TO ORDER ONLY 

1-800-634-2255 EXT. 330 nNATlQNALr 

1 -SQO-847-46&3 EXT. J3Q (CALIF.) 

FOR ANY OTHER INFORMATION 

13031449-45*1 

Add Jl per Htm when using 
VISAVMASTERCARD 




117 PRACTICAL IC 
PROJECTS BUILD YOU CAN 

2645T— 117 PRAC- 
TICAL IC PROJECTS 

YOU CAN BUILD 

$10.95. Dozens of 
fully-tested, ready-to- 
build circuits you can 
put together from 
readily-available, low 
cost !C's! There are a 
total o1117 IC circuits 
ranging from an audio mixer and a signal 
splitterto a tape-deck amplifier and a top- 
octave generator organ! From TAB 
Books. To order your copy send $10.95 
plus $2.75 shipping to Electronic Tech- 
nology Today Inc., P.O. Box Z40, Mas- 
sapequa Park, NY 11762-0240 




LINEAR IC EQUIVALENTS 
& PIN CONNECTIONS 



Linear IC 

Equivalents 
,ind Pin 
Connections 




BP141 — Shows equivalents & pin con- 
nections of a popular user-oriented 
selection of European, American and 
Japanese liner IC.'s 320 pages, 8 x 10 
inches. $12.50 Plus $2.75 shipping, 
ELECTRONIC TECHNOLOGY TODAY 
INC., PO Box 240, Massapequa Park, 
New York 11762-0240. 
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EARTH STATION RECEIVER, the 

model E5R2240, is designed for 
CATV, SMATV, hotel/motel, broad- 
cast, and teleconferencing ap- 
plications. It mounts in a standard 
19-inch rack panel and has the fol- 
lowing features, designed with the 
commercial operator in mind: 
block down-conversion with 
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Drake's BCDC-24 weatherproof 
lockdown converter or LNB; dual 
signal inputs with automatic or 



manual polarity changeover for 
dual-feed installations; a 950-1459 
MHz IF loop-through output that 
allows the stacking of multiple re- 
ceivers per polarity without split- 
ters; a saw filter for maximum ad- 
jacent-channel and interference 
rejection with minimum signal dis- 
tortion; and optional dual audio 
outputs for control tones or sec- 
ond audio-subcarrier output. 

The model ESR2240 is priced at 
$899.00— R.L. Drake Company, 
P.O. Box 112, Miamisburg, OH 
45342. 

FREQUENCY STANDARD, the 

Counter-Mate, provides stable 1- 
MHz and 10-MHz signals to im- 



prove the accuracy of counters and 
other instruments. A precision 
third-overtone 10-MHz crystal, 
mounted in a proportionally con- 
trolled copper oven, ages less than 
±3x 10 8 Hz per month and drifts 
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less than ± 5 x 1Q- 8 Hz from to 
40°C. A50-turn frequency trimmer 
has a settability of 1 X 10 -9 Hz and 
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is mechanically stable. Both out- 
puts will drive TTL or 50 ohms with 
-5-ns rise and fall time square- 
waves. The output impedance 
properly matches power splitters 
for generating isolated signals to 
operate several instruments. 

The Counter-Mate is priced at 
$350.00.— Wenzel Associates, Inc., 
11124 Jollyville Road, Austin, TX 
78759. 

DIGITAL PANEL METER, the model 
HY6300, is a V/i' digital panel 
meter with 0.4" LCD digits and bal- 
anced differential analog inputs in 
a compact watertight package (less 
than Vi" deep.) 
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It is capable of operating in 
harsh environments where it is ex- 
posed to moisture and tem- 
perature levels from to 50°C. The 
model HY6300 contains a custom 
hybrid circuit that is capable of 
measuring voltages from 100 milli- 
volts to 200 volts, current from 100 
nA to 2 A, and resistance from 1 
ohm to 20 megohms. The meter 
can be powered by either a 9-volt 
battery or a single 5-volt supply. 

The model HY6300 is priced at 
$39.95.— Hytek Microsystems, Inc., 
980 University Ave., Los Catos, CA 
95030. 

VIDEO-HEAD CLEANER, the 

model C/-57, comes with a bottle 
of cleaning fluid that is stored in a 
compartment in the cartridge. The 
user removes the bottle, unscrews 
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Walk "tough dog" troubles out of 

any TV & VCR in half the 

time ... or your money back 




with the exclusive, patented, 
VA62 Universal Video Analyzer . . .$3,295 

Would you like to? 

Reduce analyzing time: Isolate any problem to one stage in any TV or 
VCR in minutes, without breaking a circuit connection, using the tried 
and proven signal substitution method of troubleshooting? 

Cut costly callbacks and increase customer referrals by completely 
performance testing TVs & VCRs before they leave your shop? Own the 
only analyzer that equips you to check all standard and cable channels 
with digital accuracy? Check complete, RF, IF, video and chroma response 
of any chassis in minutes without taking the back off the receiver or 
removing chassis plus set traps dynamically right on CRT too? Simplify 
alignment with exclusive multiburst pattern? 

Reduce costly inventory from stocking yokes, flybacks, and other 
coils and transformers, for substitution only, with the patented Ring- 
ing Test. Run dynamic proof positive test on any yoke, flyback, and inte- 
grated high voltage transformer ... in- or out-of- circuit? 

Protect your future by servicing VCRs for your customers before they 
go to your competition? Walk out "tough dog" troubles in any VCR chromi- 
nance or luminance circuit — stage-by-stage — to isolate problems in 
minutes? Have proof positive test of the video record/play heads before you 
replace the entire mechanism? 

Increase your business by meeting all TV and VCR manufacturers' 
requirements for profitable warranty service work with this one universally 
recommended analyzer? 

To prove it to yourself, CALL TODAY, WATS FREE, 1-800-843-3338, for 
a FREE Self Demo ... or learn how the VA62 works first by calling for 
your free simplified operation and application instruction guide, worth 
$10.00. 



Jf*^ Call Today Wats Free 1 -800-843-3338 
-^js£ SSNCORE 

**f \ 3200 Sencore Drive 
^— *n*i Sioux Falls, SD 57107 innovati 
Kj& 605-339-0100 In SD Only withyou 
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the cap, and pours 10 drops of fluid 
onto the cleaning tape. The car- 
tridge is inserted in the VCR and 
the play button is pressed. The 
stop button is pressed after 10 sec- 
onds to end the cleaning process. 
The model CJ-51 uses a residue- 
free mixture of Freon and alcohol, 
plus a non-abrasive, spun-bound 
polyester tape to clean the VCR 
heads. It is priced at $11. 95. — Video 
Dynamics, Inc., 6525 Oxford St., St. 
Louis Park, MN 55426. 

CELLULAR TELEPHONE,the model 
500/555, allows users to talk on the 
telephone even when they are not 
in their cars. 

A lightweight rechargeable bat- 
tery pack powers the system. Two 
different batteries are available: 
the 60-minute and the 140-minute 
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talk-time batteries. With the bat- 
tery, the entire unit weighs only 7.5 
or 10.25 pounds, respectively. 

The system has a 50-number 
memory that can be recalled by 
pushing three buttons, a timer to 
keep track of how long each call is, 
and an electronic volume control. 
An electronic lock is provided to 
restrict outgoing calls. 

A large digital display allows 
users to view the numbers in the 
memory at the push of a button. 
The display is also back-lighted. 

The model 500/555 is priced at 
$2216.00 with the 60-minute bat- 
tery; $2374.00 with the 140-minute 
battery. — Mitsubishi International 
Corporation, 879 Supreme Drive, 
Bensenvtlle, IL 60601. R-E 
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THE MODEL WTT-20 IS ONLY THE SIZE OF 

A DIME, yet transmits both sides of a tele- 
phone conversation to any FM radio with 
crystal clarity. Telephone line powered - never 
needs a battery! Up to >/i mile range. Adjusta- 
ble from 70-130 MHZ. Complete kit $29.95 
+ $1.50 S + H. Free Shipping on 2 or more! 
COD add $4. Cali or send VISA, MC, MO. 
DECO INDUSTRIES, Box 607, Bedford 
Hills, NY 10507. (914) 232-3878. 
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APPLIANCE REPAIR HANDBOOKS— 13 

volumes by service experts: easy-to- 
understand diagrams, illustrations. For major 
appliances (air conditioners, refrigerators, 
washers, dryers, microwaves, etc.). elec. 
housewares, personal-care appliances. 
Basics of solid state, setting up shop, test 
instruments. $2,65 to $5.90 each. Free 
brochure. APPLIANCE SERVICE, PO Box 
789, Lombard, I L 60148. 1 -(31 2) 932-9550. 
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A CAREER START FOR THE 21ST CEN- 
TURY. Since 1905, National Technical 
Schools has helped people build successful 
careers. Enter the 21st Century through 
home study courses in Robotics, Computer 
Technology and Servicing, Microprocessors, 
Video Technology, Basic Electronics, Trans- 
portation Technology, Climate Control Tech- 
nology or TV and Radio Servicing. For a 
FREE catalog, call 1-800-B-BETTER. Or 
write NTS/INDEPENDENT TRAINING 
GROUP, 456 West M. L. King Jr. Blvd. L.A., 
CA 90037. 
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ARD-35 DIGITAL AUTORANGE MULTI- 
TESTER with case. 3'/2 digit LCD under $59. 
• DMR-45, 4'/z digit mult i tester, 32 ranges 
with case; .5 LCD under S116. • DM-3520 CF 
oversize 3Vs digit LCD with case, frequency 
capacity 20 amps $85, EMCO ELEC- 
TRONICS, P.O. Box 327, Plain view, NY 
11803. Send for your free catalog. 
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THERMOPROBE— QUICKLY IDENTIFIES 
DEAD PC BOARD COMPONENTS. Locates 
dead resistors, transistors, IC's, diodes, and 
transformers without direct contact, in sec- 
onds. Operating active components radiate 
heat, dead components don't. Thermoprobe 
is sensitive to VisT change in temperature. A 
must for your workbench or field service. 
Order #209TM. ONLY $21.95 l $3.00 ship- 
ping, NY Res. add tax (no COD's). BUYUS, 
INC., Dept, RE387 10 White Birch Dr., Os- 
sining, NY 10562, Visa or Mastercard (914) 
762-4799. 
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CABLE TV CONVERTERS AND DE- 
SCRAMBLERS. Large selection of top 
quality merchandise. Low prices. Quantity 
discounts. We ship COD, Most orders are 
shipped within 24 hrs. Send $2.00 for catalog, 
CABLETRONICS UNLIMITED, P.O. Box 
266 Dept. R, S. Weymouth, MA 02190 (617) 
843-5191 
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CABLE TELEVISION CONVERTER, de- 
scrambler and wireless remote control video 
equipment accessories. Catalog free. CA- 
BLE DISTRIBUTORS UNLIMITED, 116 
Main Road, Washington, AR 718G2. 
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AVCOM's PSA-35A PORTABLE SPEC- 
TRUM ANALYZER for TVRO installation and 
service otters frequency coverages of 10 to 
1750 MHz and 3.7 to 4.2 GHz. Features: built- 
in DC block with + 18 VDC for powering LNA's 
and BDC's, calibrated signal amplitude dis- 
play, and internal battery with charger. The 
PSA-35A, at $1965 is the most cost effective 
spectrum analyzer available. AVCOM OF 
VIRGINIA, INC., 500 Southlake Boulevard, 
Richmond, VA 23236. Phone 804-794- 
2500/FAX 804-794-8284.TELEX 701-545 
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SIMPLY SNAP THE WAT-50 MINIATURE FM 
TRANSMITTER on top of a 9v battery and 
hear every sound in an entire house up to 1 
mile away! Adjustable from 70-130 MHZ. Use 
with any FM radio. Complete kit $29.95 + 
$1.50 S - H. Free shipping on 2 or more! COD 
add $4. Call or send VISA, MC, MO. DECO 
INDUSTRIES, Box 607, Bedford Hills, NY 
10507. (914) 232-3878. 

CIRCLE 127 ON FREE INFORMATION CARD 




TUNABLE NOTCH FILTER— for elimination 
of any TV, FM, or VHF signal. Can be tuned 
precisely to ANY signal within these ranges: 
•MODEL 26-Ch'S. 2-6 plus FM [54-108 Mhz] 
'MODEL 1422-Ch's. 14(A)-22(I) [120-174 
Mhz] 'MODEL 713-Chs. 7-13 [174-216 Mhz] 
Highly selective 60dB notch. Send $30 each. 
Quantity prices as low as $14. STAR CIR- 
CUITS, P.O. Box 8332, Pembroke Pines, 
FL. 33084 

CIRCLE 94 ON FREE INFORMATION CARD 




ZENITH SSAVI $169; reconditioned. Surplus 
N-12, SB-3, Hamlin. Satellite Systems, con- 
verters, amplifiers, accessories. Money-back 
guarantee. SSAVI project handbook $6.50 
ppd. Radar speed timers for baseball, 
hockey, car/boat racing, bowling. Profession- 
al models used by police, AIS SATELLITE, 
INC., P.O. Box 1226-E, Dublin, PA 18917. 
215-249-9411. 

CIRCLE 81 ON FREE INFORMATION CARD 




NEW: PANASONIC VIDEO SWITCHER. Re- 
cord a cable channel while viewing any one of 
your 4 video options, another cable channel, 
2nd VCR, TV games, video camera, etc. No 
need to use your cable converter for channel 
selection VCS-1 gives your cable ready TV or 
VCR full control of your viewing. Comaptable 
with all scrambled and one way addressable 
systems. $85.00 Guaranteed. Free Catalog. 
(402) 331-4957 M.D. ELECTRONICS, 5078 
So. 108th #115, Omaha, NE 68106. We ac- 
cept MC. Visa. C.O.D. 

CIRCLE 207 ON FREE INFORMATION CARD 
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DECODE THE NEW VIDEO TAPE COPY 
PROTECTION SCHEME. Bothered by 
brightness changes, vertical jumping and jit- 
tering while watching recent movie releases? 
Stop it with the LINE ZAPPER. New kit de- 
tects and removes selected lines of l ideo that 
have been modified and often interfere with 
normal television operation. Order your KIT 
today only $69.95 plus $2.00 S & H. ELE- 
PHANT ELECTRONICS, Box 41865-L, 
Phoenix, AZ 85080. Visa/MC orders (602) 
581-1973. Allow 6 weeks for delivery. 
CIRCLE 120 ON FREE INFORMATION CARD 




MICROWAVE ANTENNAS S69.95. Now in- 
cluding shipping and Lifetime warranty. We 
Repair all types of Downconverters. Cable 
Converters and equipment available! Pan- 
asonic 450 MHz wireless converter $79.95 
plus shipping Coax cable, T.V. parts, ac- 
cessories, connectors, T.V. amplifiers. Write 
for free information or call for prices. BLUE 
STAR IND., Dept. 105-RE 3-87, 4712 Ave. N, 
Brooklyn, N.Y. 11234 (718) 338-8318 Ext. 
105. 

CIRCLE 85 ON FREE INFORMATION CARD 



FREE CATALOG OF HARD-TO-FIND 
TOOLS is packed with more than 2000 
quality items. Your single source for precision 
tools used by electronic technicians, engi- 
neers, instrument mechanics, schools, labo- 
ratories and government agencies. Also 
contains Jensen's line of more than 40 tool 
kits. Send for your free copy today! JENSEN 
TOOLS INC., 7815 46th St., Phoenix, AZ 
85044.(602)968-6231. 
CIRCLE 115 ON FREE INFORMATION CARD 
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New Ideas 



Broadcast-band RF amplifier 




FIG. 1 



UNLESS YOU OWN A TOP-OF-THE-UNE 

receiver or car radio, your AM re- 
ception may not be as good as it 
should be. The reason is that few 
low- to mid-price receivers and ra- 
dios include RF amplifiers. By 
adding one yourself, however, you 
can improve reception at minimal 
cost. The RF amp shown here uses 
readily available parts, has wide 
bandwidth, and is very stable. In 
addition, by varying the values of 
several resistors, you can match 
the amplifier's input impedance to 
your antenna, and its output im- 
pedance to your radio. 

How it works 

The complete schematic is 
shown in Fig. 1. The circuit has a 
frequency response ranging from 
100 Hz to 3 MHz; gain is about 30 
dB. 

Field-effect transistor Q1 is con- 
figured in the common-source 
self-biased mode; optional re- 
sistor R1 allows you to set the input 
impedance to any desired value. 
Commonly, it will be 50 ohms. 
The signal is then direct-cou- 
g pled to Q2, a common-base circuit 
E that isolates the input and output 
§ stages and provides the amplifier's 
o exceptional stability. 
iij Last, Q3 functions as an emitter- 
(5 follower, to provide low output im- 
5 pedance (about 50 ohms). If you 
c need higher output impedance, 



include resistor R8. It will affect 
impedance according to this for- 
mula: R8 = R, 



OUT 



-50. Otherwise, 
connect output capacitor C4 di- 
rectly to the emitter of Q3. 

Construction 

The circuit can be wired up on a 
piece of perfboard; a PC board is 
not necessary, although one can 
be used. However you build the 
circuit, keep lead lengths short 
and direct, and separate the input 
and output stages. You may have 
space to install the amplifier in 
your receiver. Otherwise, install- 
ing it in a metal case will reduce 
stray-signal pickup. You'll have to 
provide appropriate connectors 
on the case. Connect the amplifier 
to the antenna and radio using 
short lengths of coax. 

The circuit has only one adjust- 
ment. Connect a source of 12-volt 
DC power to the circuit, and adjust 
R3 so that there is a 1.6-volt drop 
across R2. 

If you're not sure of the imped- 
ance of your antenna, connect a 
500-ohm potentiometer for R1, 
and adjust it for best reception. 
Then substitute a fixed-value re- 
sistor for the potentiometer. 

You may want to follow the same 
procedure with the output circuit 
(R8), if you're not sure of your re- 
ceiver's input impedance. Com- 
mon impedances are 50, 75, and 



NEW IDEAS 

This column is devoted to new ideas, cir- 
cuits, device applications, construction tech- 
niques, helpful hinls, etc. 

All published entries, upon publication, will 
earn $25. In addition, lor U.S. residents only, 
Panavise will donate their model 333— The 
Rapid Assembly Circuit Board Holder, having 
a retail price of $39.95. II features an eight- 
position rotating adjustment, indexing at 45- 
degree increments, and six positive lock posi- 
tions in the vertical plane, giving you a full ten- 
inch height adjustment for comfortable work- 
ing. 

I agree to the above terms, and grant 
Radio-Electronics Magazine the right to 
publish my idea and to subsequently re- 
publish my idea in collections or compilations 
of reprints of similar articles. I declare that the 
attached idea is my own original material and 
that its publication does not violate any other 
copyright. I also declare that this material has 
not been previously published. 



Title of Idea 



Signature 



Print Name 



Date 



Street 



City State Zip 

Mail your idea along with this coupon 
to: 

New Ideas 

Radio-Electronics, 

500-B Bi-County Boulevard 

Farmingdale, NY 11735 



300 ohms, so the same 500-ohm 
potentiometer can be used. 

You can connect an external an- 
tenna through the amplifier to a 
receiver that has only a ferrite rod 
antenna. Connect the amplifier's 
output to a coil composed of 10-15 
turns of #30 hookup wire wound 
around the existing ferrite core, 
near the existing winding. To ob- 
tain best reception, experiment 
with the number of turns and their 
placement. You may need to re- 
verse the connections to the coil if 
output is weak. — D. J. Housiey 
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Now electronics technicians can get into VCR Servicing quickly and easily 

Learn professional VCR servicing 

at home or in your shop 

with exclusive videotaped 

demonstrations 



Today, there are more than 10 million 
VCRs in use, with people standing in 
line to have them serviced. You can 
bring this profitable business into your 
shop with NRI professional training in 
VCR servicing. This top-level training 
supports the industry's claim that 
the best technicians today are those 
who service VCRs. 

Integrated Three-Way 
Self-Teaching Program 

In one integrated program, NRI 
gives you a study guide, 9 instructional 
units, 2 hours of video training tapes 
accompanied by a 3 2- page workbook 
that pulls it all together. At home or in 
your shop, you'll cover all the basic 
concepts of video recording, mechani- 
cal and electronic systems analyses, 
and the latest troubleshooting tech- 
niques. Your workbook and instruction- 
al units also contain an abundance of 
diagrams, data, and supplementary 
material that makes them valuable addi- 
tions to your servicing library. 

The "How To" Videotape 

Your NRI Action Videocassette uses 
every modern communications tech- 
nique to make learning fast and easy. 
You'll enjoy expert lectures and see 
animation and video graphics that make 
every point crystal-clear. You'll follow 
the camera eye into the heart of the 
VCR as step-by-step servicing tech- 
niques are shown. Both electronic and 
mechanical troubleshooting are covered 
. . . including everything from com- 
plete replacement and adjustment of the 
recording heads to diagnosing micro- 
processor control faults. 

Plus Training On All The 
New Video Systems 

Although your course concentrates 
on VCRs covering Beta, VHS , and YV 
U-Matic commercial VCRs, NRI also 
brings you up to speed in other key 
areas. You'll get training in capacitance 
and optical video disc players, projec- 
tion TV, and video cameras. All are in- 
cluded to make you the complete video 
technician. There's even an optional 
final examination for NRI's VCR Pro- 
fessional Certificate. 



Covers Beta and VHS 
systems with actual 
instruction on 
videotape. 




The Best Professional 
Training 

This exclusive self-study course has 
been developed by the professionals at 
NRI. NRI has trained more television 
technicians than any other electronics 
school ! In fact, NRI has consistently 
led the way in developing troubleshoot- 
ing techniques for servicing virtually 
every piece of home entertainment 
equipment as it appears in the market- 
place. 

Satisfaction Guaranteed 

. . . 15-Day No-Risk 

Examination 

Send today for the new NRI Self- 
Study Course in VCR Servicing for 



Professionals. Examine it for 15 full 
days, look over the lessons, sample the 
videotape. If you're not fully satisfied 
that this is the kind of training you and 
your people need to get into the profit- 
able VCR servicing business, return it 
for a prompt and full refund, including 
postage. Act now, and start adding new 
business to your business. 

Special Introductory Offer 

This complete VCR training course 
with two hour videotape is being 
offered for a limited time only, on 
orders received from this ad, at our low 
introductory price of $179.95. Save 
$20 by acting now! 
NRI Training For Professionals 
McGraw-Hill Continuing Education Center 
_3939 Wisconsin AvenueJ/ashingion, DC 20016 



\f p V J Get me started in profitable 
X J— i\J • VCR servicing. Rush me my 
NRI self-study course in VCR Servicing for 
Professionals. I understand 1 may return it for 
a full refund within 15 days if not completely 
satisfied. 
PLEASE SPECIFY TAPE FORMAT DESIRED □ VHS Q BETA 

Name (please printl 

Company. 

Streel 



NRI 

lYn'M 



NRI Training For Professionals 

McGraw-Hill Continuing 

Education Center 
3939 Wisconsin Avenue 
Washington, DC 20016 



City/State/Zip_ 



Enclosed is ray □ check □ money order for S 179 .95 (D.C. residents add 69. tax) Make check payable to NRI 
Charge to □ VISA □ MasierCard . 



Inieibank Number 



Card Number_ 
Signature- 



Eipiralion Dale. 



( required for credit card sates) 



2600-037 
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Noise isn't always bad 

OVER THE YEARS t HAVE HANDLED MANY 

transmitters — everything from 
flea-powered QRP's to 20-kW FM 
blockbusters — and, with the ex- 
ception of the QRP's, you were 
warned to tune most of them 
fast — or else. 

You had to tune up fast in order 
to keep heat dissipation in the final 
amplifier to a minimum, because 
excessive heat dissipation can 
damage or destroy an amplifier, be 
it a vacuum-tube or a solid-state 
device. 

I tuned UHF TV-relay transmit- 
ters by literally opening the door 
of the cabinet; I dipped (reso- 
nated) finals by tuning until the 
color of an amplifier's plate 
changed from deep red to orange; 
and I sent many finals up in smoke 
in the early days of solid-state RF 
power amplifiers. In most in- 
stances my hand was quicker than 
the eye, or at least the heat, so I 
could tune up faster than the 
gremlins could destroy the final. 

But when it came to antenna 
tuners, particularly those for long- 
wire antennas, the heat may out- 
race the fingers, because it can 
take much fiddling with two or 
three knobs before the input im- 
pedance of the tuner is within the 
range of the transmitter's adjust- 
ments. In fact, I often wondered 
how much damage I caused a 
transmitter when it took a long 
time to adjust an antenna tuner. 

Of course, until recent times I 
didn't have the luxury of a Palomar 
Engineers (Box 455, Escondido,CA 
92025) model PT-340 Tuner-Tuner, 
shown in Fig. 1. The Tuner- Tuner is 
a noise bridge that's specifically 
designed for pre-adjusting the an- 
tenna tuner before the transmitter 
is ever keyed (turned on). 



p »!omai 

— •" 




FIG. 1 

The Noise Bridge 

For those of you who have never 
used a noise-bridge, fear not; this 
will not be a three-part tutorial on 
noise-bridge design. We'll stick 
with the Tuner-Tuner. 

To understand how it works, ex- 
amine the simplified bridge cir- 
cuits shown in Fig. 2-a and Fig. 2-6. 
In Fig. 2-a, the T1 and T2 connec- 
tions may appear unusual, but the 




HERB FRIEDMAN, 

COMMUNICATIONS EDITOR 

ohms, the bridge is balanced. 
Therefore, no signal will flow 
through the headphones. 

Now imagine that we unbalance 
the bridge by changing R2's value 
to something other than 50 ohms. 
The arms of the bridge are no lon- 
ger balanced, so a signal will be 
heard in the headphones. In actu- 
al practice, a single transformer 
would replace T1 and T2; the cir- 
cuit would resemble the one 
shown in Fig. 2-6. 

Now let's show how the Tuner- 
Tuner works. Rather than a 1000- 
Hz tone, the signal source will be a 
white-noise generator that pro- 
duces a range of signals at fre- 
quencies throughout the VHF 
spectrum. Also, T3 (in Fig. 2-6) will 
be replaced by an RF transformer; 
the headphones will be replaced 



1000-Hz 
INPUT 



T3 



i 00000 i 



R2 



-"Tinnnr^-f-nrcFffTP 
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HEADPHONE) 
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FIG. 2 



circuit simply shows how to cou- 
ple a 1000-Hz signal into the bridge 
so that both "arms" of the bridge 
conduct equal current. Resistor R1 
is 50 ohms, so, if R2 is set for 50 



by the receiver section of a trans- 
ceiver; and R2 will be replaced by 
the input to an antenna tuner. Fig- 
ures shows the circuit that results. 
continued on page 122 
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. pacesetter in Amateur radio 



Hear it All! 




R-5000 



High performance receiver 

THE high performance receiver is 
here from the leader in communica- 
tions technology— the Kenwood 
R-5000. This all-band, all mode 
receiver has superior interference 
reduction circuits, and has been 
designed with the highest perform- 
ance standards in mind. Listen 
to foreign music, news, and com- 
mentary. Tune in local police, fire, 
aircraft, weather, and other public 
service channels with the VC-20 
VHF converter. All this excitement 
and more is yours with a Kenwood 
R-5000 receiver! 

• Covers 100 kHz- 30 MHz in 30 
bands, with additional coverage 
from 108-174 MHz {with VC-20 
converter installed). 

• Superior dynamic range. Exclusive 
Kenwood DynaMix'" system ensures 
an honest 102 dB dynamic range. 
(14 MHz, 500 Hz bandwidth, 50 kHz 
spacing.) 




• 100 memory channels. Store mode, 
frequency, antenna selection. 

• Voice synthesizer option. 

• Computer control option. 

• Extremely stable, dual digital 
VFOs. Accurate to ±10 ppm over a 
wide temperature range. 

• Kenwood's superb interference 
reduction. Optional filters further 
enhance selectivity. Dual noise 
blankers built-in. 

• Direct keyboard frequency entry. 



R-20'00 150 kHz-30 MHz in 30 bands 

• All modes • Digital VFOs lune in 50 Hz. 5^^ 
500 Hz, or 5 kHz steps • 10 memory channels 

• Programmable scanning • Dual 24-hour digital r^j 

optional) * All mode squelch, noise blanker, RF 




• Muting terminals * VC-10 optional VH F 

converter (118-174 MHz) 



Specifications and prices ace subject to change without notice or obligation. 



• Versatile programmable scanning, 
with center-stop tuning. 

• Choice of either high or low 
impedance antenna connections. 

• Kenwood non-volatile operating 
system. Lithium battery backs up 
memories; all functions remain intact 
even after lithium cell expires. 

• Power supply built-in. Optional 
DCK-2 allows DC operation. 

• Selectable AGC, RF attenuator, 
record and headphone jacks, dual 
24-hour clocks with timer, muting 
terminals, 120/220/240 VAC 
operation. 

Optional Accessories: 

• VC-20 VHF converter for 108-174 MHz 
operation • YK-88A-1 6 kHz AM filter 

• YK-88S 2.4 kHz SSB filter- YK-88SN 1.8 
kHz narrow SSB filter • YK-88C 500 Hz CW 
filter • YK-88CN 270 Hz narrow filter 

• DCK-2 DC power cable • HS-5, HS-6, 
HS-7 headphones - MB-430 mobile bracket 

• SP-430 external speaker • VS-1 voice 
synthesizer • IF-232C/IC-10 computer 
interface. 

More information on the R-5000 and 
R-2000 is available from Authorized 
Kenwood Dealers. 

KENWOOD 

TRIO-KENWOOD COMMUNICATIONS 

1111 West Walnut Street 
Compton. California 90220 

CIRCLE 102 ON FREE INFORMATION CARD 



MAKE MORE 
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Do You REALLY Want to Make More Money? 

Yes it does take work and a few sacrifices to 
climb up the electronics ladder to where the bigger 
money is. But, if that's where you want to be, then 
that's what you must do — work harder at learning 
and getting the right credentials, even if it takes a 
few sacrifices, A B. S. degree and the knowledge 
that rightly goes along with it can give you powerful 
ladder-climbing equipment in your search for suc- 
cess in electronics. 

The accredited Grantham non-traditional B.S, 
Degree Program is intended for mature, fully- 
employed workers who want to upgrade their elec- 
tronics careers. 



TRAIN EOfi ELECTRONICS 



You say you're already trained in electronics 
but that you're not making enough money??? 
Well then, maybe you don't have an accredited 
bachelor's degree to prove that your education 
is up to snuff! Check out the Grantham Inde- 
pendent-Study B, S. Degree Program. It could 
make a dollars and sense difference in your 
electronics career. 

Grantham offers this program, complete but 
without laboratory, to electronics technicians 
whose objectives are to upgrade their level of 
technical employment. Since the field of elec- 
tronics is so enormous, opportunity for ad- 
vancement is always present. Promotions and 
natural turnover make desirable positions 
available to the man who is ready to move up. 

Grantham College of Engineering 

10570 Humbolt Street 
Los Alamitos, California, 90720 
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This free booklet 
explains the 
Grantham B.S. 
Degree Program, 
offered by inde- 
pendent study (o 
those who work 
in electronics. 
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Booklet 
CUP 
COUPON 
ruid mail in 
envelope or 
paste on 
postal 
card. 



Put Professional Knowledge and a 

COLLEGE DEGREE 

in your Electronics Career through 

Independent Home Study 

Study materials, carefully written by the Grantham 
College staff for independent study at home, are 
supplied by the College. Your technical questions 
related to these materials and the lesson tests are 
promptly answered by the Grantham home-study 
teaching staff. 

Recognition and Quality Assurance 

Grantham College of Engineering is accredited by 
the Accrediting Commission of the National Home 
Study Council, as a degree-granting institution. 



All lessons and other study materials, as well as com- 
munications between the college and students, are in the 
English language. However, we have students in many 
foreign countries; about 80% of our students live in the 
United States of America. 



Grantham College of Engineering R-3-87 
10570 Humbolt Street, Los Alamitos, CA 90720 

Please mail me your free catalog which explains your 
B.S. Degree independent-study program. 



Name. 



-Age_ 



Address. 



L 



City. 



-State. 



.Zip. 
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A Buyer's 

Guide to 
Camcorders^! 

VHS-C, VHS, 8mm, 4mm, or 
Beta? Find your way through the 
camcorder maze with this up-to- date 
buyer's guide. 

FRANK VIZARD 



TWENTY-SEVEN YEARS AGO, AMERICANS ELECTED 

John F. Kennedy President of the United Slates. 
Television and film captured most of the public 
events of his presidency, but much of what we know 
regarding his persona) life comes from home movies 
made on the beaches of Cape Cod and around the family 
home. 

The technology has changed since Kennedy's day. Increasing num 
bers of people are capturing the personal highlights of their lives for 
viewing on their home TV screen. Videotape has superseded film. 

At the start of the so-called video revolution, a few pioneers 
turned to portable videocassctte recorders and, with a separate 
video camera, began recording their own home videos. That 
two-piece approach was inconvenient because of the entangle- 
ment of wires, bulky weight, and limited mobility. Manufac- 
turers, responding to consumer demand, dispensed with the 
two-piece approach and created a smaller and lighter piece of 
equipment that combined the recording ability of the VCR 
and the picture-taking ability of the video camera into one 
product. The result was called a camcorder. 

Choosing a format 

While the camcorder was a straightforward technological 
development, buying a camcorder is far from simple. If you 
thought the formal war between VHS and Beta videocassette 
recorders was a dispute that lead only to confusion, then 
consider the formats available in camcorders. 

There are, of course, camcorders that use VHS or Beta 
videotape. Unfortunately for proponents of the Beta system, 
that format is still supported only by its originator, Sony (Sony 
Drive, Park Ridge, NJ 07656). If you already own Beta equip- 
ment and would like to purchase a compatible camcorder, you 
have only one choice; Sony's model BMC-660K, which carries a 
list price of S 1495. Unless you are completely devoted to Beta, it 
appears that the selection of another format is in order. 

However, eliminating Beta docs not significantly simplify the 




selection process. The VHS format itself 
has a stepchild called VHS-C. Unrelated 
to either VHS format, or to Beta, is yet 
another format, called 8mm. finally, we 
may be seeing a 4mm format before long. 

Smaller is better 

All those competing formats are 
basically a multitude of solutions to a sin- 
gle problem — how to reduce the cam- 
corder to a comfortable size. A standard 
VHS cassette is seven inches long. Any 
camcorder that uses such a cassette is un- 
wieldy, although some of the latest mod- 
els have shown some remarkable progress 
in downsizing. VHS camcorders do have 
several significant advantages. One is that 
the cassettes can be played back on any 
home VHS player without an adapter. 
Second, they offer relatively long record- 
ing times. Most VHS camcorders allow 
you to record for up to two hours at stan- 
dard speed. Many VHS camcorders can 
also record at a slower speed, effectively 
lengthening the available recording time. 
The maximum recording time on Gold- 
star's (1050 Wall St. West, Lyndhurst, NJ 
07071) GVM-70A, for example, is 240 
minutes. A maximum recording time of 
160 minutes is more common, however. 
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SONY CCD-V3 

Despite that, the race for miniaturiza- 
tion goes on unabated. It has given rise to 
VHS-C, 8mm, and now, due sometime 
this summer from Samsung (301 Mayhill 
St., Saddle Brook, NJ 07662), 4mm. 

Early reports indicate that while the 
4mm camcorder itself will be about the 
same size as a VHS-C camcorder, the tape 
itself will be even smaller than the 8mm 
cassette, which is now the smallest on the 
market. Recording time will be up to 80 
minutes. The 4mm camcorder will also 
have a built-in VHF/UHF tuner and a 2!*- 
inch monitor. The built-in tuner means 
that the 4mm camcorder could double as a 
home deck, although the limited record- 
ing time would hamper its effectiveness in 
such a role. The monitor is reportedly an 
LCD type, which would make it a first in 
camcorders. The image created by those 
devices is not as sharp as that created by a 




OLYMPUS VX-403 

CRT. However, the image is acceptable for 
use in a camcorder, and the LCD's flat 
profile helps reduce the overall size of the 
unit. 

The list price for the new 4mm cam- 
corder will reportedly be about $1300. 
Presumably a model without a tuner 
would cost much less. If Samsung's 4mm 
model meets with any success, there's 
little doubt that others would produce 
models using the format. 

For the moment, though, the mini- 
aturization battle is being waged between 
the VHS-C and 8mm formats. The VHS- 
C cassette is less than four inches in 
length , roughly the size of a pack of play- 
ing cards. A typical VHS-C camcorder is 
about II inches long by 8 inches high — 
about the dimensions of the magazine you 
are reading. VHS-C camcorders are also 
lighter than their full sized counterparts, 
averaging about three pounds, compared 
to about 5!^ pounds for a standard-sized 
model. 

The tape's small size is largely respon- 
sible for the VHS-C camcorder's size. 
The tradeoff, as we previously mentioned, 
is that the smaller cassette holds less tape, 
and therefore provides reduced recording 
time. 

Standard recording time is 20 minutes, 
although newer VHS-C camcorders in- 
crease recording time to 60 minutes. The 
small size of the VHS-C cassette also 
means there is a hidden cost. VHS-C cas- 
settes cannot be played back on a standard 
VHS videocassette recorder without the 
use of an adapter. The price of the adapter 
is about $70. 

A number of companies offer VHS-C 
camcorders, but the genre was started by 
JVC (41 Slater Drive, Elmwood Park, NJ 
07407), and any new developments in the 
format are likely to come from that com- 
pany. Just recently, for example, JVC un- 
veiled the smallest VHS-C camcorder 
yet. 

The GR-C9 weighs only ! .7 pounds and 
lists for about $1000. Considering the dis- 
counts available from many retailers, the 
GR-C9 is perhaps the most affordable 
camcorder ever offered for sale. 

Its affordability and small size are due 
principally to the fact that the GR-C9 is a 
record-only device. Most other camcor- 



ders have a built-in black-and-white video 
monitor that allows you to play back what 
you have recorded immediately. With the 
GR-C9, you'll have to postpone gratifica- 
tion until you get home to a VCR. The 
lack of a playback feature also means 
you'll be unable to dub from the cam- 
corder to a VCR. To make copies or to 
edit your tape you'll need two VCR's. If 
you intend to direct your own video movie 
you may be better off with a more sophis- 
ticated machine, but from the standpoint 
of just taking video snapshots, the GR-C9 
is a suitable choice. 

The GR-C9, incidentally, also features 
an interesting design innovation. Most 
camcorder battery packs attach to the rear 
of the unit. The battery pack for the GR- 
C9 doubles as the camera's grip, reducing 
the overall size of the unit even more. 

While the VHS-C camcorder initially 
had the edge as far as lightness and small 
size were concerned, 8mm camcorders 
are narrowing the gap fast. For the most 
part, early 8mm camcorders were as 
heavy and huge as their full-size VHS 
competition, even though the tape used in 
8mm camcorders is smaller in size than 
even the VHS-C cassette. However, recent 
models have put the 8mm camcorder into 
the flyweight class with VHS-C. 

Sony's CCD-V3 Handycam cam- 




CANON VM-E1 

corder, for instance, weighs only three 
pounds, two ounces. The CCD-V3 is an 
upgraded version of the CCD-M8U 
roundly knocked by JVC last fall in a 
nationwide television-advertising cam- 
paign. 

Unlike :heCCD-M8U, the CCD-V3 in- 
corporates built-in playback capability, 
automatic focus, and a zoom lens. There's 
also a difference in price; the CCD-M8U 
listed for $1250 while the CCD-V3 now 
carries a $1500 price tag. 

Sony is aggressively leading the push 
for 8mm, but it is not alone in making 
8mm camcorders smaller and lighter. The 
Olympus (Cross ways Park, Woodbury, 
NY 11797) VX-801, for example, weighs 
in at 3.3 pounds and features a full com- 
plement of features at a I ist price of $ 1 850 . 

The major advantage the 8mm format 
has over the VHS-C format, however, is 
the amount of recording time. Its 120- 
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TABLE 1— CAMCORDER SPECIFICATIONS 








Company 


Model 


Format 


Mm. III. 
(lux) 


Pickup 

device 


Max length 
(min.) 


Aperture 


Zoom 
ratio 


Hq 


Price 


Aiwa 


CV-80 


8mm' 


19 


CCD 


120 


M.4 


6:1 


NA 


51795 


Carton 


VM-E1 


8mm 


19 


Saticon 


120 


f/1.2 


6:1 


NA 


$1695 


Chinon 


CV-T60 

CV-T60G 

C8-C60 


VHS 
VHS 

8mm 


7 

7 

NA 


Newvicon 
Newvicon 
NA 


160 
160 
120 


f/1.2 
f/1.2 

NA 


6:1 
6:1 

NA 


Yes 
Yes 
NA 


$1995 

$1895 

NA 


Curtis Malhes 


AV800 


VHS 


7 


Newvicon 


160 


M,2 


6:1 


No 


NA 


Fuji 


P100 
2600AF 


8mm 
8mm 




CCD 
NA 


NA 

120 


NA 
NA 


NA 
NA 


NA 
NA 


NA 
NA 


General Electric 


9-9606 
9-9608 
9-9610 


VHS 
VHS 
VHS 


7 
7 
7 


Newvicon 
Newvicon 
CCD 


160 
160 
160 


f/1.2 
f/1.2 
f/1.2 


6:1 
6:1 
8:1 


Yes 
Yes 
Yes 


$1499 
$1599 
$1799 


Goldstar 


GS-8AF 
GVM-70AF 


8mm 
VHS 


19 
19 


CCD 
CCD 


120 
240 


f/1 ,4 
f/1.4 


6:1 
6:1 


NA 
Yes 


$1695 
$1695 


Hitachi 


VM2100A 
VM5000A 


VHS 
VHS 


7 
7 


Saticon 
MOS 


160 
160 


f/1.2 
f/1.2 


6:1 
6:1 


Yes 
Yes 


$1595 
SI 695 


Instant Replay 
JC Penney 


Handycam 
92IT3 
66IT3 
93IT3 

686-5335 


8mm 
VHS 
VHS 
VHS 

VHS 


20 

7 
10 
20 

10 


CCD 
Newvicon 
Newvicon 
CCD 


120 
120 
160 
120 


f/1 
f/1.2 
f/1.2 
f/1.2 

f/1.2 


NA 
6:1 
6:1 
8:1 

6:1 


NA 
Yes 
No 
Yes 

Yes 


$1295 
$1895 
$1995 
$1995 

$1700 


Newvicon 


160 


JVC 


GR-C7 
GR-C9 


VHS-C 
VHS-C 


15 

10 


CCD 
CCD 


60 
60 


f/1.2 
NA 


6:1 
NA 


Yes 
Yes 


$1495 
$995 


Kyocera 


KD-200K 


8mm 


19 


CCD 


120 


f/1.4 


6:1 


NA 


$1745 


Magna vox 


VR8292 
VR8293 
Video Escort 


VHS 
VHS 
VHS-C 


7 
7 

7 


Newvicon 

CCD 

NA 


160 

160 

60 


f/1.2 

f1.2 

f/1.2 


6:1 
8:1 
6:1 


Yes 
Yes 
NA 


$1799 
$1899 
$1899 


Minolta 


CR1200SAF 
CR3000SAF 
CR8000SAF 


VHS 

VHS-C 

8mm 


7 

15 

7 


MOS 

Saticon 

MOS 


160 

60 

120 


f/1.2 

f1.2 

f/1.2 


6:1 
6:1 
6:1 


Yes 
No 

NA 


$2085 

$1667 

NA 


Mitsubishi 


HS-F10ur 


VHS 


7 


Saticon 


NA 


/■I. 2 


6:1 


NO 


$1550 


NEC 


EMA8U 
V-20 


8mm 
VHS 


7 
10 


CCD 
CCD 


NA 
NA 


f/1.2 

f/1.2 


6:1 
NA 


NA 
Yes 


NA 
$1795 


Nikon 


VN-800 


8mm 




CCD 


120 


MA 


6:1 


NA 


$1850 


Olympus 


VX403 
VX801 


VHS 
8mm 


7 
7 


CCD 
CCD 


160 
120 


f/1.2 
f/1.2 


8:1 
6:1 


No 

NA 


$1950 
$1850 


Panasonic 


PV210 
PV220 
PV300 


VHS 
VHS 
VHS 


7 

7 

7 


Newvicon 
Newvicon 
CCD 


160 
160 
160 


f/1.2 
f/1.2 

f/1.2 


6:1 
6:1 
8:1 


Yes 
Yes 
Yes 


NA 
NA 
NA 


Pentax 


PVC33A 
PVC55A 
PVC800A 


VHS 
VHS 
8mm 


7 

7 
7 


Saticon 

MOS 

MOS 


160 
160 

120 


f/1.2 
f/1.2 
f/1.2 


6:1 
6:1 
6:1 


Yes 
Yes 
NA 


$1699 

$1799 

NA 


Pttlleo 


VCR801 


VHS 


7 


Newvicon 


160 


f/1.2 


6:1 


Yes 


$1799 


Quasar 


VM-11 
VM-20 


VHS 
VHS 


7 
7 


Newvicon 
CCD 


160 
160 


f/1.2 
f/1.2 


6:1 
8:1 


Yes 
Yes 


$1650 
StSOO 


RCA 


CRM200 
CMR300 


VHS 
VHS 


7 

7 


Saticon 
MOS 


160 
160 


f/1.2 
f/1 .2 


6:1 
6:1 


Yes 
Yes 


S1299 
$1499 


Sanyo 


VMS 
VM-800 


8mm 
8mm 


19 
18 


CCD 
CCD 


120 
120 


f/1 .4 
f/1.4 


6:1 
6:1 


NA 
NA 


$1595 
$1750 


Sears 


53721 


VHS 


7 


Saticon 


160 


f/1.2 


6:1 


Yes 


$1290 


Sharp 


VC-10UAH 

VC20UA 

VC-C50UA 


VHS 
VHS 
VHS-C 


10 
10 
10 


Newvicon 

MOS 

CCD 


160 
160 
60 


f/1.4 
f/1.2 
f/1 .6 


6:1 
6:1 
6:1 


Yes 
Yes 
Yes 


$1900 
$1799 
$1599 


Sony 


BMC-660K 

CCD-M8U 

CCD-M9U 

CC0-V8FU 

CCD-V110 

CCD-V3 


Beta 
8mm 
8mm 
8mm 
8mm 
8mm 


25 
25 
25 
19 
NA 
NA 


CCD 
CCD 
CCD 
CCD 
CCD 
CCD 


200 
120 
120 
120 
120 
120 


f/1.4 
f/1 .6 
f/1.4 

f'1.4 

NA 

NA 


6:1 
NA 
6:1 
6:1 
NA 
NA 


NA 
NA 
NA 

NA 
NA 

NA 


$1495 
$1250 
$1350 
$1795 
$1995 
$1500 £ 


Sylvan ia 


VC151 


VHS 


7 


Newvicon 


160 


f/1.2 


6:1 


Yes 


$1799 § 


Teknlka 


C6010 


VHS 


7 


Newvicon 


160 


f/1 .2 


6:1 


Yes 


NA 2 


Toshiba 


SK-60 


VHS-C 


15 


CCD 


60 


f/1 .6 


6:1 


NA 


NA <§ 


Zenith 


VM6200 


VHS-C 


5 


CCD 


60 


f/1. 6 


6:1 


NA 


NA 
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Camcorder Manufacturers 



Aiwa 

35 Oxford Drive 
Moonachie. NJ 07074 
CIRCLE 250 ON FREE INFORMATION CARD 

Canon 

On© Canon Plaza 
Lake Success, MY 1 1042 
CIRCLE 251 ON FREE INFORMATION CARD 

Chinon 

43 Fad em Road 
Springfield, NJ 07081 

CIRCLE 252 ON FREE INFORMATION CARD 







Curtis Mathes 
1 Fla! Creek Rd. 
Athens, TX 75751 
CIRCLE 253 ON FREE INFORMATION CARD 

Fuji 

350 5th Ave. 

New York, NY 10118 

CIRCLE 254 ON FREE INFORMATION CARD 

Goldstar 

1050 Wafl St: 

West Lyndhurst, NJ 07071 

CIRCLE 255 ON FREE INFORMATION CARD 

Hitachi 

401 W. Artesia Blvd. 
Compton, CA 90220 
CIRCLE 256 ON FREE INFORMATION CARD 

Instant Replay 
2951 South Bayshore Drive 
Miami, FL 33133 
CIRCLE 257 ON FREE INFORMATION CARD 

JVC 

41 Slater Drive 
Elnwood Park, NJ 07407 
CIRCLE 256 ON FREE INFORMATION CARD 

Kodak 

Rochester, NY 14650 
CIRCLE 259 ON FREE INFORMATION CARD 

Kyocera 

7 Powder Horn Drive 
P.O. Box 4227 
Warren, NJ 07060-0227 
CIRCLE 260 ON FREE INFORMATION CARD 

NAP Consumer Electronics 
(Magnavox, Phitco, Syivania) 
I -40 and Straw Plains Pike 
Knoxville. TN 37914-1810 
CIRCLE 261 ON FREE INFORMATION CARD 

Minolta 

101 Williams Drive 

Ramsey, NJ 07446 

CIRCLE 262 ON FREE INFORMATION CARD 



CO 

S minute maximum is twice the recording 

O time of VHS-C. 

[E The split in the market tor the two fcr- 

fjj mats is even evident in the type of stores in 

J which the two formats tend to be sold. 

O VHS-C units are sold principally through 

Q consumer-electronics stores. 8mm cam- 

cc corders arc sold mostly in photographic 



NEC 

1255 Michael Drive 
Wood Dale, IL 60191 
CIRCLE 263 ON FREE INFORMATION CARD 

Nikon 

623 Stewart Ave. 

Garden City NY 11530 

CIRCLE 264 ON FREE INFORMATION CARD 

Olympus 

Crossways Park 
Woodbury, NY 11797 
CIRCLE 265 ON FREE INFORMATION CARD 



Panasonic 

One Panasonic Way 
Secaucus, NJ 07094 
CIRCLE 266 ON FREE INFORMATION CARD 

Pentax 

35 Inverness Drive East 
Englewood, CO 80112 
CIRCLE 267 ON FREE INFORMATION CARD 

Quasar 

9401 Grand Ave. 

Franklin Park, IL 60131 

CIRCLE 268 ON FREE INFORMATION CARD 

RCA 

30 Rockefeller Plaza 
New York, NY 10020 
CIRCLE 269 ON FREE INFORMATION CARD 

Sanyo 

1200 W, Artesia Blvd. 
Compton, CA 90220 
CIRCLE 270 ON FREE INFORMATION CARD 

Sharp 
Sharp Plaza 
Mahway, NJ 07430 
CIRCLE 271 ON FREE INFORMATION CARD 

Sony 

Sony Drive 

Park Ridge. NJ 07656 

CIRCLE 272 ON FREE INFORMATION CARD 

Teknika 
353 Rt. 46 W 
Fairfield, NJ 07006 
CIRCLE 273 ON FREE INFORMATION CARD 

Toshiba 
82 Totawa Rd. 
Wayne, NJ 07470 
CIRCLE 274 ON FREE INFORMATION CARD 

Zenith 

1000 Milwaukee Ave. 

Glen view, I L 60025 

CIRCLE 275 ON FREE INFORMATION CARD 



specialty stores; since Kodak (Rochester, 
NY 14650) introduced the format, that 
mode of distribution probably was inev- 
itable. (Interestingly, though, Kodak does 
not offer a true camcorder. Instead they 
offer a modular system consisting of sepa- 
rate but dockable video recorders and vid- 
eo cameras). 



Choosing a camcorder 

Critics may disagree over which format 
offers the best picture, but VHS, VHS-C, 
and 8mm all provide satisfactory perfor- 
mance. Therefore, choosing a camcorder 
is mostly a question of convenience and 
features. 

For those that want simply to be able to 
remove a cassette from their camcorder 
and drop it into their home deck, without 
the need for adapters, etc. , VHS offers an 
obvious advantage (although it is impor- 
tant to remember the size trade-off). True, 
now there are also 8mm home decks, but 
the library of prerecorded material cur- 
rently available is very limited. Until that 
changes, if it ever does, few will choose to 
go with 8mm home systems. 

On the other hand, any camcorder that 
has a playback feature, and most do, can 
be directly connected to any television or 
monitor/receiver for tape viewing. Some 
camcorders, in fact, are sophisticated 
enough to serve as a household's primary 
VCR. Also keep in mind that images can 
be dubbed from one format to another by 
feeding your camcorder's output to your 
home VCR. 

Features, specifications, and price 

No matter which format you choose, 
your final selection will be guided by 
three factors. Those factors are the same 
ones that determine the selection of al- 
most any product: features, specifica- 
tions, and price. 

Of course, to a large degree features 
and specifications determine price. As 
with everything else in life, there are 
tradeoffs to be made. Unless you are 
wealthy, the task of selecting a camcorder 
is one of finding the combination of fea- 
tures and performance you want (or can 
"get by with") at a price you can afford. 

Manufacturers provide a wealth of 
specifications in their advertising liter- 
ature, but for most users the most impor- 
tant one is likely to be the minimum 
required illumination. That specification 
tells you the least amount of light required 
to produce acceptable results. To add to 
the confusion, some manufacturers 
provide that specification in lux (which is 
Latin for light), while others provide the 
specification in foot-candles. A foot-can- 
dle is equal to the amount of illumination 
provided by a candle over a one toot- 
square spherical area, with every point of 
the area located exactly one foot from the 
light source. That light level has, of 
course, been standardized. One lux 
equals 0.0929 foot-candle. Normal living 
room illumination is between 60 and 120 
lux, while a sunny day at the beach will 
measure about 100,000 lux. 

If you're planning to record under low 
light conditions then you'll require a cam- 
corder with a better-than-average mini- 
mum illumination rating. That rating is 
dependent on several factors, but the most 
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Choosing a Tape 



IF YOU OWN OR USE A VIDEOCASSETTE HE- 

corder, you are undoubtably aware of the 
variety of brands and formulations of vid- 
eotape on the market. Basically, most 
manufacturers sell tapes in 3 or 4 grades. 
Each grade is suitable for almost any tap- 
ing chore, although some grades are bet- 
ter for certain chores than others. For 
instance, it makes little sense to use an 
expensive professional-grade tape for 
time shifting soap operas. On the other 
hand, you would not want to entrust acopy 
of a movie or TV classic to a standard- or 
economy-grade tape- 
When it comes to tapes for camcorders, 
if you use a unit that accepts standard 



As with home decks, the quality of the 
image recorded by a camcorder degrades 
as tape speed decreases. Therefore, if 
you are extending recording time by 
shooting in the EP or 60-minute mode, a 
higher tape grade is required for best re- 
sults. JVC's grade of better tape is called 
Super HG 

Premium- or "professional "-grade vid- 
eotape, such as JVC's Super Pro is used 
when top recording quality is essential. 
For instance, you would use premium- 
grade tape when the original recording is 
to be dubbed to a second tape; a top- 
quality original is necessary to minimize 
the picture degradation that always oc- 
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VHS or beta tapes, the same tapes you 
use in your home deck are used in those 
units. Now, however, different grades of 
tape are becoming available in the smaller 
VHS-C format. 

For users of VHS-C camcorders, there 
are basically three grades of tape avail- 
able. It is perhaps most convenient to 
think of them in terms of good, better, and 
best. Let's look at the tape grades offered 
by one manufacturer, JVC, and see how 
each is best used. 

HG Super is JVC's "good" tape. It Is 
designed for general use and is most 
effective when you're shooting in the SP 
or 20-minute mode. 



significant of those is the camcorder's 
pickup. 

Initially, consumer video cameras all 
used vacuum-tube pickups. Those de- 
vices, which go under tradenames such as 
Newvicon and Saticon, generally perform 
well in low-light conditions. On the other 
hand, if a vacuum-tube video camera 
were panned past a relatively bright light 
source, streaking or "comet-tailing" 
would occur. If such a video camera were 
pointed at a bright light for any length of 
time, the unit would be damaged. 

Many newer camcorders and video 
cameras use solid-state CCD (Charge 
Coupled Device) or MOS (Metal Oxide 
Semiconductor) pickups. Those pickups 
are less susceptible to streaking and to 
damage from bright lights. They also pro- 
duce a sharper image than that produced 
by a vacuum-tube pickup. But they re- 
quire higher light levels than vacuum-tube 
pickups for satisfactory performance. 

The camcorder's lens is the window 
through which it sees the world. There- 
fore, lens quality and features play a large 



curs during dubbing. Premium tape used 
at SP speeds yields the closest thing to 
professional results available to the con- 
sumer. 

Currently, manufacturers are offering 
just one tape grade for 8mm users. 
However, because 8mm standard re- 
quires tapes that have either a metal-parti- 
cle or evaporated-metal formulation 
(currently only metal-particle formulations 
are available), all 8mm tapes are out- 
standing performers. But quality is not 
cheap; prices for 8mm blank tape vary 
between about $17 and $24, depending 
on tape length. By contrast, VHS-C blank 
tape costs between $7 and $10 per cas- 
sette. R-E 

role in determining which images even- 
tually wind up on tape. 

All camcorders are supplied with, 
lenses of solid, though not spectacular 
quality. Most are of the zoom variety, with 
focal lengths variable between 9mm and 
54mm (a 6:1 zoom ratio). Some manufac- 
turers, such as Panasonic (One Panasonic 
Way, Secaucus, NJ 07094), Quasar (9401 
W. Grand Ave, Franklin Park, IL 60131), 
and General Electric (Portsmouth, VA 
23705), offer units with 8:1 zoom ratios. 

When comparing lenses, two features 
to watch for are macro and maximum ap- 
erture. A macro setting allows the lens to 
be used to tape items at extremely close 
range (as close as 1 inch). Maximum aper- 
ture (which is sometimes referred to as 
lens speed) tells you the maximum width 
of the lens aperture or opening. The larger 
the diameter of the lens opening, the more 
light will be admitted. 

Some models have removable lenses. 
Those most often use C-mounts and allow 
you to use wide-angle, telephoto, or any 
lens that accepts that mount. 




NIKON VN-S00 

If you are purchasing a VHS or VHS-C 
unit, you may want to look for one with 
HQ (tfigh Quality) circuitry. Beta has al- 
ways enjoyed a technical edge over VHS 
in the area of horizontal resolution. To the 
viewer, that means that a Beta picture will 
usually appear somewhat sharper than a 
VHS one. JVC, the originator of VHS 
and VHS-C, developed the HQ system to 
combat that superiority. HQ actually con- 
sists of three separate circuits, but many 
units call themselves HQ while using only 
one or two. The most commonly found 
HQ circuit is white-clip extension. That 
circuit reduces the amount of white clip 
by about 20%, resulting in crisper out- 
lines between light and dark areas of a 
scene. Another circuit boosts high-fre- 
quency signals (which contain the picture 
details) during recording. The third cir- 
cuit boosts high-frequency picture details 
during playback. Note that the three cir- 
cuits are completely independent and that 
any combination of them may be found in 
a particular model. Also, HQ and non- 
HQ tapes and equipment are completely 
compatible. 

Most camcorders are completely auto- 
matic, offering such bells and whistles as 
automatic aperture setting, automatic 
white balance (the white balance setting is 
used to adjust for proper color fidelity), 
and autofocus. If you like more control 
over your recording, be sure that the 
model you select allows you to override 
those automatic features. On the other 
hand, bear in mind that a camcorder that 
lacks one or more of those features can be 
more difficult to use. 

Camcorders are designed to be light 
and comfortable, but eyeglass wearers 
may have to look harder to find a comfort- 
able viewfinder. Likewise, left-handed 
people will find that most models have 
admittedly been designed for right-hand- 
ed users. 

As you can see, there are many things 
to consider when choosing a camcorder. 
To make the job a little easier, we've com- 
piled a list of models available at press 
time; it is found in Table 1. Bear in mind 
that the table is only a guide; specifica- > 
tions, list prices, etc., arc always subject ^ 
to change. Also, new models are intro- 3- 
duced from time to time, and old ones are S 
discontinued. R-E --J 
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ROBOT 



This month, we show you how to build 

the robot's body. We'll also 

tell you about an updated drive system 

that will dramatically increase 

the robot's hauling power. 



Part 4 



ONCE THE DESIGN PRO- 

cess is complete, it is 
time to begin building your robot. This 
month, we will start by showing you how 
to build the base unit that we designed. 
Remember that the procedures, dimen- 
sions, etc. will vary if you chose to use a 
different design. 

Body construction 

Our base-unit design is easy to man- 
ufacture and assemble. It consists of a 
"unitized-construction" body that is 
composed of four pieces of 0.090-inch 
505IT-6 or 6065T-6 aluminium, plus two 
end caps (one of which is optional) 
formed from the same material. See Fig. 
1. A chassis fabricated from 505IT-6 alu- 
minum is available from Vesta Tech- 
nology (see Sources Box); contact them 
directly for pricing and other details. 

The upper and lower clamshells are 
formed from identical pieces of alumi- 
num. See Fig. 2-ci. Once the pieces are 
cut, they are bent as shown in Fig. 1~b to 
form a channel . Make the 90° bends using 
a 0.18-inch radius to prevent cracking the 
aluminum. Note that while Fig. 2-b shows 
right-hand bends, one of the pieces re- 
quires left-hand bends if the body clam- 
shell is to fit together. 
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The two halves of the clamshell body 
are joined with the internal bulkheads. A 
cutting and bending guide for the 
bulkheads is shown in Fig. 3. Because of 
the thickness of the aluminum used, the 
notching shown at the four comers is re- 
quired to allow the bulkheads to seat cor- 
rectly inside the upper and lower 
clamshells. Form one bulkhead with left- 
hand bends; the other is formed with 
right-hand bends. 

The bulkheads are the major strength- 
ening component in the robot's chassis. 
When assembled, the resulting chassis is 
strong enough to carry a person without 
flexing, yet it weighs less than ten pounds. 
Further, the forward bulkhead serves as 
the mounting surface for the electronics 
package; the rear bulkhead holds the 
motors in their own compartment. 

The four body components are fastened 
together with 6-32 x Vs-inch machine 
screws. The holes are drilled in the outer 
shell, then each bulkhead is clamped in 
place and the bulkhead is drilled using the 
outside hole as a centering hole. Several 
precautions must be observed. First, se- 
curely clamp the bulkhead in place so that 
it cannot move during the dril 1 ing process . 
Second, ensure that the bottom of the 
bulkhead is in direct and flat contact with 
the bottom of the bottom clamshell. 
Third, use a carpenters square to ensure 
that the chassis is assembled squarely. 



A cutting and bending guide for the end 
covers is shown in Fig. 4. As with the 
bulkheads, the comers must be notched as 
shown. The front end-cover will be used 
to mount the robotic arm assembly. The 
rear end-cover is optional and should not 
be used with the specified motors (more 
on those in a moment) unless plenty of 
ventilation holes are provided. The end 
covers are mounted to the body during the 
last step of assembly using sheet-metal 
screws. 

Mounting the axle 

The axle is an 18-inch long, i^-inch 
diameter steel rod . The rod is modified by 
drilling a small hole !4-inch from each 
end. Once the wheel/axle assembly is 
complete, a cotter pin is placed through 
each hole to keep everything in place. 

The axle is mounted to the lower clam- 
shell with a l-!^-inch U-boIt. See Fig. 5. 
A hardwood or a hard-rubber block is 
shaped to fit inside the U-bolt. A 1^-inch 
hole then is drilled in the block to accept 
the axle. The centerline of that hole 
should be placed so that the robot's body 
sits level when the rear caster is attached. 
The dimension in our case was '/4-inch 
below the lower body. The U-bolt is 
placed around the block and inserted into 
two holes drilled into the lower clamshell 
just behind the forward bulkhead. To 
achieve maximum stability, it is important 
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ALL DIMENSIONS IN INCHES 



FIG. 1 — THE ROBOT'S BODY consists Of two "clamshells" joined together by two bulkheads. The 
bulkheads are the major strengthening component of the assembly. 
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MANUFACTURING SPECIFICATIONS 
ALUMINUM: .090 505IT-6 



BR: 
BO: 
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FIG. 2— USE THIS GUIDE to cut, drill and bend the clamshells. Cutting and drilling information is 
provided in a; bending dimensions are shown in b. 



to keep the forward axle as far forward as 
possible without interfering with the elec- 
tronics compartment. 

The U-bolt approach is only one possi- 
ble solution to the problem of fastening 
the axle to the chassis. Another approach 
is to use a piece of angle material at least 
1.5-inches long, drilled to accept the 0.5- 
inch axle. 



Wheel assembly 

A diagram of our wheel assembly is 
shown in Fig. 6. The tires are 10.5- x 4- 
inch go-kart tires with W-inch ball bear- 
ings. Those tires allow the robot to navi- 
gate rough terrain, like shag carpets. They 
are available from Spadel Tire and Wheel 
(2440 S. Tcjon St., Englewood, CO 
801 10. phone: 303-935-1972); ask for part 



Sources 

Can you imagine what a robot we could 
build with a staff of 250,000 (the entire 
readership of Radio-Electronics)? One 
key to the success of the R-E Robot is the 
collective development capability of that 
readership. In an effort to encourage the 
exchange of software, sources of parts, 
hardware enhancements, and any other 
items of general interest, Radio-Elec- 
tronics will open a special section of its 
new remote bulletin -board system (RE- 
BBS) to builders of the R-E Robot. You 
can reach the bulletin board by calling 
516-293-2283. 

To help simplify the mechanical aspects 
of building the robot, Vesta Technology 
(7100 W. 44th Avenue, Suite 101, Wheat- 
ridge, CO 80033. 303-422-8088) will offer 
an aluminum chassis similar to the one 
discussed in these articles. Vesta also will 
offer the RPC, its PC board, and the 
source code for testing the robot and im- 
plementing the RCL. For pricing and avail- 
ability information, contact Vesta Tech- 
nology directly. Complete construction 
details for the RPC, including schematics 
and PC board patterns, will be presented 
in a future installment of this series. 

A complete description of a modified 
drive- train system for the robot is shown 
this month. For those that have difficulty 
finding appropriate drive-train compo- 
nents for the robot, a good source is Stock 
Drive Products (55 S. Denton Ave, New 
Hyde Park, NY 11040, 516-328-0200). 
Contact them directly for pricing and avail- 
ability information. 

Additional sources for various sub-sys- 
tems and parts for the robot will be 
provided as appropriate in future install- 
ments of this article. R-E 



number 51354. Contact the company di- 
rectly for cost, shipping charges, or other 
information. 

The tires are assembled with 4 bolts 
holding the two wheel halves together. 
That provides us with a convenient means 
of mounting the pulleys. Replace two of 
the bolts with 5 /if>- x 1!4-inch machine 
bolts. Be sure that the bolts protrude 
through the side opposite the tire's air 
valve. Re-establish the force on the wheel 
by installing a nut and lockwasher as 
shown in Ftg. 6, Then using the wheel/ 
machine-bolt assembly as a guide, drill 
Vib-inch holes in two spokes of the pulley. 
If the center hubs of the wheel and the 
pulley are aligned properly, those holes 
should be 1.41 inches from the pulley's 
center hub. To ensure proper alignment, 
use the axle as a guide. Install the pulley 
on the wheel using nuts . Do not over tight- 
en the nuts or you may crack the pulley 
spokes. Once the pulley is installed, re- 
check the alignment of the center hubs to 
be sure that there will be no friction on the 
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ALL DIMENSIONS IN INCHES 



MANUFACTURING SPECIFICATIONS 



ALUMINUM: 
BR: 

BO: 

SHEAR: 



,090 5061-T6 

,187 

.204 

11.980 x 14.272 



FIG. 3— THE BULKHEADS must be notched as shown If they are to fit squarely within the clamshell 
body. 




MANUFACTURING 



BO: 
SHEAR: 



SPECIFICATIONS 

.090 5D51T-6 

.137 

.204 

10.272 x 11.980 



FIG. 4 — CUTTING AND BENDING GUIDE for the end covers. Due to the thickness of the aluminum 
used, the covers must also be notched for proper fit. 
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FIG. 5— USE THIS SIMPLE SCHEME to mount the wheel axle on the robot's body. Other schemes can 
also be used with satisfactory results. 

axle when the wheel turns. A photograph The rear caster is a 5-inch diameter 

of the assembly is shown in Fig. 7. hard-rubber unit on a ball-bearing swivel. 



The single rear caster is located on the 
centerline of the robot, as close to the rear 
edge as possible to obtain the longest 
wheelbase. However, if the robot is going 
to carry heavy loads, such as a person, 
another scheme must be used to prevent 
flexing. One alternative would be to locate 
the caster under the rear bulkhead; an- 
other would be to use two casters, each 
located at one edge of the body. 

Finish 

The outer clamshells can be anodized 
for a hard, insulating finish in the color of 
your choice. Anodizing the robot's body 
should cost about $50, provided that you 
can find someone willing to do such a 
small job. 

Alternately, if you carefully degrease 
the aluminum with turpentine or another 
solvent, paint will produce an excellent 
finish. Careful spray painting will pro- 
duce a finish that's as smooth that as pro- 
duced by anodizing. An added advantage 
is that the finish can easily be touched up 
as needed. However, don't paint the unit 
until all systems have been completely 
tested. Otherwise the finish will undoubt- 
edly be scratched during the assembly/ 
disassembly procedures that go hand-in- 
hand with testing and troubleshooting. 

Wiring channels 

The wires that interconnect the elec- 
tronics package, motors, shaft encoders, 
batteries, etc. , arc run along the bottom of 
the chassis. To prevent coupling between 
the motor-drive lines and the shaft en- 
coder lines, those wires must be phys- 
ically separated as much as possible. 

To facilitate that separation, a 1-inch 
diameter hole or cutout is made in the left 
and right lower corners of both bulkheads. 
Later, when you wire the robot, motor- 
control, battery, and common lines should 
be bundled and passed through either the 
left or the right set of holes. The shaft- 
encoder lines (and any other signal lines 
your design might call for) should be 
bundled and passed through the other set 
of holes. Be sure to select heavy-gauge 
wire for the power leads. 

Battery compartment 

The battery compartment is accessed 
by removing the upper clamshell. To 
make installation and replacement of the 
two 12-volt utility batteries easier, a bat- 
tery holder similar to the one shown in 
Fig. 8 should be built. The battery holder 
is a wooden platform that is cut so that it 
fits snugly within the battery compart- 
ment. The end pieces are then attached 
securely using nails or glue. Those end 
pieces hold the batteries in place by fric- 
tion. To make installing and removing the 
platform easier, handles should be made 
by drilling holes in the end pieces through 
which short lengths of nylon cord are 
looped. Cushion the batteries and plat- 
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FIG. 6— THE WHEEL AND PULLEY are bolted together and mounted on the wheel axle. The assembly 
is held in place with a cotter pin. 

RPC is stacked on top of the control board 
using 1-inch hinged standoffs. We located 
the hinge at the top edge rather than the 
bottom edge of the board. Although that 
requires a considerable amount of slack in 
the connecting wires, hinging the board 
makes testing and troubleshooting much 
easier. 




If you plan on having the unit carry par- 
ticularly heavy loads, or to be in motion 
for extended periods of time, we suggest 
that those transistors be mounted on the 
bulkhead instead, using TO-3 sockets and 
insulators. Drill two TO-3 footprints near 
the top edge of the bulkhead. Mount the 
sockets under the control board so that 
they are in the electronics compartment, 
and the transistors, when installed, are in 
the battery compartment. The sockets arc 
then wired to the appropriate points on the 
control board. 

Motors 

Wit en we started the design of the drive 
train, our expected power requirements 
were calculated at 1/20 HP. It soon be- 
came evident, however, that there were 
many useful lasks that the robot could not 
perform without more power. Con- 
sequently, we had a special motor de- 
signed for our robot. 

Our aim, as always, was to obtain max- 
imum utility at minimum cost. That aim 
was achieved. The motors deliver Va HP 
with a stall torque of 2.5 foot-pounds. 
With such a motor, the robot is capable of 
carrying a 150-pound load, while towing 
another 150- pound load! The cost was a 
relatively modest $65 each, plus ship- 
ping. To aid readers, Vesta Technology 
(see Sources box for address) will collect 
orders (prepaid only) and have the motors 
made. When they're ready, the motors 
will be shipped and shipping charges will 
be invoiced. 

The two motors are mounted in the 



FIG. 7— IF BOLTED TOGETHER PROPERLY, the 
wheel and pulley assembly will resemble the 
one shown here. 

form by placing about two inches of pack- 
ing material in the bottom of the battery 
compartment. 

Electronics compartment 

We'll deal with the robot's electronics 
(control board, RPC, etc.) in depth in 
tin Lire installments. Full details, includ- 
ing schematics, foil patterns, construction 
details, and more will be presented then. 
However, in designing and building your 
robot's body, it would be useful to have 
some idea of how the boards are mounted. 
Here, we'll see how the control board and 
RPC are installed in our version of the 
robot. 

The electronics are located within the 
forward compartment and are mounted on 
the forward bulkhead, as shown in fig. 9. 
We mounted the control board on the 
bulkhead using Vi-inch by 6-32 standoffs 
(the height is not critical, however). The 




BOTTOM OF LOWER 

CLAMSHELL ^PACKING MATERIAL 

FIG. 8— USING A BATTERY HOLDER will make installing and removing the batteries easier. 



The control board's foil pattern (which, 
once again, will be presented in a future 
installment) contains provisions for 
mounting two power transistors used to 
control drive-motor operation. However, 
the heatsinking on the board is minimal. 



lower half of the rear compartment as 
shown in Fig. 10. Mounting them there 
allows the upper clamshell to be removed 
without also removing the motors. Due to 
the length of the motors, they are offset, 
with one motor mounted higher than the 
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other, as shown in the figure. The mount- 
ing and drive-shaft holes must be drilled 
through both the rear bulkhead and the 
clamshell. The drive-shaft diameter is 5 /id- 
inch. Use a piece of scrap aluminum or 
PC-board material to create a drilling tem- 
plate for the motor- mounting holes. The 
template is used to mark the positions for 
the holes on the robot's body. 




■ 



FIG. 9— THE CONTROLLER BOARD and the 
RPC are stacked and mounted on the forward 
bulkhead. 




FIG. 10— THE MOTORS ARE MOUNTED In the 
lower half of the rear compartment. Because of 
their length, they must be staggered as shown. 

Drive-train update 

The original drive train used a !/2-inch 
V-belt pulley to link the motor and the 
wheels directly. That arrangement did not 
provide sufficient pulling force. Ideally, 
the 4: 1 reduction of that arrangement 
would have provided about 8 foot-pounds 
of torque at the wheel. Of course, the 
actual torque provided would be less. 

We have designed a new speed-reduc- 
ing system that provides a 12: 1 reduction 
ratio. That results in a calculated torque at 
the wheel of 24 foot-pounds. (Of course, 
once again, the acuta! torque delivered 
will be somewhat less.) Our test system 
achieved a top speed of four miles per 
hour when connected to a single 1 2- volt 
battery. With a 150-pound payload, the 
system reached a speed of about two miles 




FIG. 11— UPDATED DRIVE SYSTEM. The motors are linked to a jackshaft via a ladder chain. The 
jackshaft will be linked to the wheels when installed, via a V-belt. 
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FIG. 12— JACKSHAFT DETAILS. Be sure that the 
unit is assembled so that the chain and the 
pulley are as close as possible. 

per hour over a deep carpet. When con- 
nected to 24 volts, speed increases of 
about 50% are expected. 

The modified reduction system is 
shown in fig. II. An I8-tooth sprocket is 
mounted on each motor. The sprocket 
bore must be drilled out to match the 
motor's Vi&-inch drive shaft. 

The motor sprocket is linked to a jack- 
shaft assembly via a chain drive. The de- 
tails of the jackshaft are shown in Fig. 12. 
A 2-inch V-belt pulley is drilled to accom- 
modate two 6-32 screws. A 48-looth 



sprocket is drilled fora 3 /s-inch bore. Tem- 
porarily mount the 48- tooth sprocket and 
the 2-inch pulley on a Vfe-inch bolt and 
drill the sprocket to match the hole pattern 
on the pulley. Tap the pulley holes and bolt 
the pulley and the sprocket together so 
that when the jackshaft is assembled there 
will be a minimum distance between the 
sprocket and the V belt. 

AM X 2.5-inch cap bolt is used as the 
jackshaft axle. The pulley/sprocket as- 
sembly slides onto the bolt in such a way 
that when the jackshaft is mounted on the 
robot, the pulley will be on the outside 
and the sprocket will be on the inside. 
Using a 37-inch V belt to link the jack- 
shaft to the robot's wheels, determine the 
proper mounting point on the robot's body 
by observing the tension on the belt. Drill 
the robot's body and mount the jackshaft 
using nuts and washers as shown. Link the 
sprocket on the jackshaft with the 
sprocket on the motor using an appropri- 
ate length of W-inch ladder chain, finish 
up by removing the set screws from the 
pulley and sprocket hubs (typically, those 
are supplied with such screws installed) 
and place a few drops of oil on each jack- 
shaft for lubrication. 

Before we finish up, let's pass along a 
word of caution. Although we have not 
reached the point in our series of articles 
where the motor controllers are driving 
our robot, the robot is now at a stage 
where it could be energized. Do not do 
so! Even at four miles-per-hour, a runaway 
robot could cause considerable damage. 
Do not energize the robot until the motor- 
controller board is built, tested, and in- 
stalled. We will cover the controller board 
in depth, including schematics, PC pat- 
terns, etc. R-E 
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Learn about PVDF, 
a piezoelectric plastic 
whose uses are limited 
only by imagination. 



WHILE EXPERIMENTING WITH QUARTZ 

crystals, French physicists Jacque and 
Pierre Curie discovered thai when such a 
crystal was exposed to an electric voltage, 
it would deform. Further, they found that 
when a quartz crystal was mechanically 
deformed, it would generate a voltage. 
They named the phenomenon 
piezoelectricity, which literally means 
pressure electricity. 

Quartz crystal is the best known 
piezoelectric material, but it is by no 
means the only one. Other naturally oc- 
curring piezoelectric materials include 
Rochelle salts and tourmeline. Further, 
many piezoelectric materials have been 
synthesized. While most of those mate- 
rials are ceramics, one of the more inter- 
esting ones is nothing more than a 
specially processed plastic sheet or film. 
Made from Polyvinyl iDcne Fluoride, or 
PVDF for short, piezoelectric film has 
properties that make it useful in a variety 
of applications. In addition, PVDF film is 
pyroelectric; that is, it is capable of trans- 
forming thermal energy into electrical en- 
ergy. That property makes the film useful 
in applications such as intrusion alarms 
and proximity switches. 

In this article, we are going to explore 
the uses and advantages of PVDF him. 
Included will be several experiments that 
you can perform. But first, let's learn a bit 
more about piezoelectricity, and what 
gives some materials that property. 

The piezoelectric effect 

A piezoelectric material is one in which 
all of the movable electric dipoles are ori- 
ented in the same direction. The condition 
can occur naturally, or it can be induced. 

In nature, piezoelectricity occurs in 
crystals that have a high degree of symme- 
try. Of the 32 possible crystal structures, 
20 are sufficiently symmetrical to give 
rise to piezoelectric properties. Despite 
that, relatively few crystal substances 
have been used in piezoelectric applica- 
tions. Quartz, the most popular natural 
piezoelectric material, forms what is 
termed a triagonal trapezohedral crystal. 
It has threefold symmetry around its Z or 
optic axis, which means that if one mea- 
sures a property at one point around the 
axis, the same property will repeat at 120° 
intervals. 
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in a crystal with strong piezoelectric 
properties, such as quartz, the electrical 
dipoles spontaneously align in the same 
direction; that is, the crystal is naturally- 
polarized . The effect is similar to the 
alignment of magnetic dipoles in magnet- 
ic material. The electrical dipoles are 
formed by the positive and negative ions 
(charged atoms) that make up the crystal's 
molecules. When the crystal is placed un- 
der mechanical pressure or stress, the 
physical distance between the positive 
and negative ions is altered, causing a 
voltage to be generated. 

Similarly, placing a piezoelectric crys- 
tal in an electric field can cause the phys- 
ical distance between the positive and 
negative ions to change. Depending on 
the nature of the piezoelectric material 
and the external electric field, the material 
will expand along one axis and contract 
alone the others. 



One of the first applications of the 
piezoelectric effect was in sonar. The 
Curies experimented with using the 
piezoelectric effect to locate submerged 
solid objects. During World War II, the 
supply of quartz for military sonar could 
not be guaranteed (most was imported 
from South America). As a result, re- 
searchers began looking for other 
piezoelectric materials. They found that 
some ceramics, though not naturally 
piezoelectric, could be made so by plac- 
ing them in a strong electric field. 

Piezoelectric ceramics do have some 
drawbacks, however. They are brittle, 
stiff, and dense, making it impractical to 
manufacture the ceramics in large sizes or 
to cut them to complex shapes. Because 
of that, researchers continued to search 
for other piezoelectric materials. In the 
late I960's, they turned their attention to 
polymers. By 1969, it was determined 
that PVDF exhibited the highest degree of 
piezoelectricity of any known polymer. 

Piezoelectricity and PVDF 

Polyvinylidene fluoride is a semi-crys- 
tal line, high-molecular- weight polymer 
chain made up of carbon, hydrogen, and 
fluorine atoms arranged in repeating 
CH,- CF-, units. In its normal, un- 
polarized state, PVDF thermoplastic has 
many applications. PVDF pipes, valves, 
etc. , are routinely used to route corrosive 
chemicals. Extruded PVDF tubing is used 
to insulate telephone-terminal and com- 
puter wiring. PVDF film is used for the 
"unleaded gasoline only" stickers found 
on automobiles and for automotive "rac- 
ing stripes." PVDF resins form the base 
of a group of premium metal finishes used 
to beautify and protect metal buildings 
and structures. 

To give the film piezoelectric proper- 
ties, the electrical dipoles formed by the 
hydrogen and fluorine atoms of the poly- 
mer are aligned in the same direction 
(through the thickness of the film.) The 



process includes controlled stretching of 
the film to achieve the proper mechanical 
orientation. The film is then polarized by 
placing it in an intense electric field. 

There are many potential applications 
for PVDF film. Those range from heat and 
impact detectors, to sound generators, to 
acoustical pickups for musical instru- 
ments. In the remainder of this article, we 
are going to look at a few but interesting 
simple applications for the film. We will 
include several circuits that you can build 
yourself. If you wish to try some of the 
circuits but have difficulty locating PVDF 
film. Pennwalt, which manufactures 
PVDF piezoelectric film under the brand 
name ofKYNAR, offers a small sample of 
the material and an accompanying 88- 
pagc technical manual for $45. To order, 
contact Pennwalt at: KYNAR Piezo Film 
Department. P.O. BoxC. King of Prussia. 
PA 19406. 
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Experimenting with PVDF 

PVDF film is normally supplied with 
metallized electrodes. That gives it the 
appearance of aluminum foil. What you 
see is a "sandwich" with the PVDF film 
located between layers of aluminum. 

The material can easily be cut to any 
desired shape using a pair of scissors. 
However, care must be taken to prevent 
shorting the electrodes. To be safe, check 
with an ohmmeter; the resistance between 
the electrodes should be close to infinite. 
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FIG. 1— THIS SIMPLE MICROPHONE uses a 
plastic coin-tube cap as a farm. While perfor- 
mance is satisfactory, frequency response 
could be improved by curving the surface of the 
PVDF film. 
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FIG. 2— A VOLTAGE FOLLOWER is used to buff- 
er the output of the microphone for input to an 
audio amplifier. 
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FIG. 3 — PVDF FILM will generate a voltage when 
subjected to mechanical stress. That property 
can be demonstrated using the circuit shown 
here. When the PVDF film is tapped, the LED will 
light. 

You'll need to devise some means of 
making connections to the metallized 
electrodes. One way is to use short lengths 
of copper-foil tape; that tape is normally 
used to make or repair PC boards. The 
tape uses an electrically conductive ad- 
hesive, making connection to the foil sim- 
ple. If you purchase your sample from 
Pennwalt, the material is supplied with a 
set of special connectors. 

We made a simple microphone using 
the scheme shown in Fig. 1. The "form" 
was an end cap from a plastic coin tube. A 
■Vi-inch hole was drilled in the center of 
the cap. The PVDF film was sandwiched 
between pieces of lightweight foam as 
shown. Using shielded cable to reduce 
noise, the copper tape leads were then 
connected to the voltage follower of Fig. 
2; that circuit was used to buffer the output 
voltage of the film for input to an audio 
amplifier. 

Note that that design is extremely sim- 
ple and is intended only to demonstrate 
how the film could be used as a micro- 
phone. While performance is acceptable, 
the frequency response of the flat film is 
not very good. However, frequency re- 
sponse could be improved by curving the 
film's surface. In fact, it is possible to 
design a PVDF microphone that has a flat 
frequency response over an extremely 
wide range. PVDF film itself is an ex- 
tremely broad-band material that will re- 
spond to frequencies from near DC to the 
GHz range. 

continued on page 90 
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What's VHSIC? A technique for 

cramming more circuitry that operates faster 

in less space. 
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ROBERT GROSSBLATT, CIRCUITS EDITOR 



EVER SINCE THE EARLY SIXTIES WHEN THE 

first [C was put together, designers have 
been working with one major goal in 
mind: to cram more stuff into less space. 
There are two major benefits to be had by 
shrinking the size of components on the 
IC's substrate: more powerful IC's and 
faster operating speeds. 

In the early days, the component counl 
in an IC was an understandable number. 
One of the first commercially available 
IC's, for example, was a flip-flop made 
from only four transistors. Although later 
SSI (Small Scale /ntegration) devices con- 
tained as many as sev- 
eral hundred tran- 
sistors, the relatively 
small number of com- 



ponents was really the result of problems 
in two separate areas, one practical and 
the other philosophical. 

The practical problem regarded mate- 
rials and fabrication technology. In a very 
real sense the physical process of making 
an IC is similar to that of making a 
primed-ctrcuit board. The topographic 
layout has to be designed and a mask has 
to be made. Then the mask is reduced in 
size and the pattern is transferred to the IC 
wafer. It's the last two parts of the process 
that cause the problem. Although the 
same procedure is used to make a tran- 
sistor, there's a huge difference in the 
scale of reduction used in making tran- 
sistors and that used in making IC's. 

For example, the substrate of a tran- 
sistor in the familiar TO-92 package is 
about the same as that in a simple IC, but 
the IC may contain hundreds or even thou- 
sands of transistors. In order for compo- 
nent density to increase in 
that way, there had to be cor- 
responding advances in the 
fields of photolithography, 
resist and etching methods. 




and materials technology. 

The philosophical problem had to do 
with approaches to design. Although the 
transistor had become a standard replace- 
ment for the vacuum tube (those big glass 
things that got hot, remember them'?), 
most other components remained un- 
changed. Resistors were still resistors, ca- 
pacitors were still capacitors, and so on. 
The general rule of thumb in the days 
before the [C was to use as many passive 
components as you wanted, but to keep 
the number of active devices as low as 
possible. That same idea was carried over 
to the early days of IC circuit design. 

The problem that arose then was that 
passive components took up a great deal 
of room on the substrate, and space was 
limited. The greater the number of passive 
components, the less room there was for 
active ones. And passive components 
were needed (in the early years) to couple 
the transistors in the chip. 

Various schemes were developed to 
overcome the problem. Resistor Tran- 
sistor Logic (RTL) was slow, and Diode 
Transistor Logic logic (DTL) was difficult 
to fabricate consistently. Direct -coupling 
methods were also tried, but they were 
unsuccessful at first. It wasn't until James 
Buie came up with a way to use transistors 
to perform coupling that the problem was 
solved. His method, Transistor Transistor 
Logic (TTL), marked the start of real in- 
creases in component density. 
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As more and more transistors were 
packed onto the substrate, IC's became 
more and more powerful. SSI gave way to 
MSI (Medium Scale /ntegration), and 
MSI gave way to LSI (Large Scale /ntegra- 
tion). LSI technology was capable of 
component density so high that IC's dedi- 
cated to doing specific jobs started to ap- 
pear. Microprocessors, TV subsystems, 
and even complete radios were produced 
on a single substrate. 

VLSI (Very Large Scale /ntegration) 
made its debut in the memory market with 
the appearance of 64K RAM IC's. The 
emphasis of those RAM's was function, 
not speed. And Motorola's 68000 micro- 
processor placed many transistors on the 
substrate, but the substrate size increased 
as well. 

The point is that solving the philosophi- 
cal problem of circuit design led directly 
to the development of VLSI, but any fur- 
ther increases in IC technology could only 
come about by addressing the practical 
problems we mentioned earlier. Now that 
IC manufacturers knew how to get more 
components into an IC, the next step was 
to do the same thing in less space. 

VLSI techniques were made possible 
by advances in materials and fabrication 
technology. Trace width had shrunk dras- 
tically throughout the 1970 's. The decade 
began with 20-micron line widths and 
ended with 4-micron widths. By that 
time, the government had to get involved. 

Enter the DOD 

In 1978 the Department Of Defense 
{the DOD) started the VHSIC (Very High 
Speed /ntegrated Circuit), pronounced 
vee-sick, program. It was designed to oc- 
cur in two phases. The first phase was to 
achieve IC's with line widths of 1.25 mi- 
crons by the year 1985. IBM's CMAC 
(Complex Multiply Accumulate) chip is 
built with 1.25-micron trace widths. The 
3.2-inch silicon wafer shown in Fig. 1 
contains a number of CMAC and test 
chips. Each CMAC chip contains more 
than 100,000 devices and can perform 
more than 100,000,000 multiplications 
per second . 

The second phase of the DOD pro- 
gram, to be completed in 1990, aimed at 
trace widths of 0.5 micron. Why is re- 
duced trace width so important, and what 
does it have to to do with IC design? Trace 
width is important because it directly af- 
fects both component density and max- 
imum operating speed. 

In order to understand the relationship 
between trace width and maximum oper- 
ating speed, let's put a few things in per- 
spective. At the time the VHSIC program 
was started, several manufacturers were 
developing ways to make IC's reliably and 
consistently with trace widths of 3 micro- 
ns. If that number doesn't mean anything 
to you, consider the fact that a human hair 
is about 100 microns wide. You can get 




FIG. 1— IBM'S CMAC (Complex Multiply Accumulate) chips each contain more than 100,000 devices 
and can perform more than 100,000,000 multiplications per second. 
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FIG. 2— HONEYWELL BUILDS VHSIC CHIPS FROM MACROCELLS containing RAM, ROM, and various 
dedicated logic functions. 
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TABLE 1— PHASE-ONE VHSIC PRODUCTION 








Manufacturer 


Function 


Density 


Type 






Motorola 


Four Port Memory 


60,000 


CMOS 








Arithmetic Logic Unit 


36,000 


Bipolar 








Convolver 


74,000 


CMOS 








Fast Fourier Arithmetic Unit 


50,000 


CMOS 








Fast Fourier Control Unit 


50,000 


CMOS 








Configurable Gate Array 


26,000 


CMOS 






THW 


Window Addressable Memory 


58,000 


Bipolar 








Content Addressable Memory 


66,000 


Bipolar 








Matrix Switch 


13,500 


Bipolar 








Multiplier-Accumulator 


42,000 


Bipolar 








Microcontroller 


25,000 


Bipolar 








Address Generator 


34,000 


Bipolar 








Convolutiona! Decoder 


73,000 


Bipolar 




Westing house 


64K Static Ram 


400.000 


CMOS 








Pipeline Arithmetic Unit 


133,000 


CMOS 








Extended Arithmetic Unit 


92,000 


CMOS 








General Purpose Controller 


79,000 


CMOS 








Configurable Gate Array 


40,000 


CMOS 








Enhanced Arithmetic Unit 


NA 


CMOS 






Texas Instruments 


72K Static RAM 


460,000 


NMOS 






Multiplier Switch 


30,000 


Bipolar 








Array Controller.'Sequencer 


120.000 


Bipolar 








Vector Arithmetic Logic Unit 


85,000 


Bipolar 








Vector Address Generator 


130,000 


Bipolar 








Data Processor Unit 


190,000 


Bipolar 








General Buffer Unit 


130.000 


Bipolar 






Honeywell 


Parallel Pipeline Processor 


142,000 


Bipolar 








Arithmetic Unit 


121,000 


Bipolar 








Sequencer 


136,000 


Bipolar 






Hughes 


Digital Correlator 


72,000 


CMOS/SOS 








Algebraic Encoder-Decoder 


NA 


CMOS.SOS 








Signal Tracker 


NA 


CMOS/SOS 








Electro-Optical Signal Control 


NA 


CMOS/SOS 








Gate Array 


NA 


CMOS'SOS 






IBM 


Complex Arithmetic Unit 


100,000 


NMOS 

















some idea of what half-micron spacing 
means when you realize that if a map of 
the United States were printed with line 
widths that fine, a twenty- inch map would 
show every street in the country. 

The upper limit of an IC's speed is a 
direct function of its trace width. Elec- 
trons move through the IC at the speed of 
light; so, the closer that components can 
be packed together, the faster that signals 
can get from one element to another. The 
idea behind the VHSIC program was to 
combine the advances that had already 
been made in VLSI with new materials 
and methods of fabrication. The result 
would be more powerful IC's (because of 
the high component density) that operate 
at much higher speeds (due to reduced 
trace width). 

The government awarded VHSIC de- 
velopment contracts to eight semiconduc- 
tor manufacturers: Hughes, National 
Semiconductor, IBM, Motorola, TRW, 
Honeywell, Texas Instruments, and West- 
inghouse. As a point of interest, even 
though the first phase of the program had a 
target completion date of I ate 1985, break- 
throughs in materials technology allowed 
l.25-micron prototypes to be produced in 
the laboratory in late 1983. 



As you can see in Table 1 , although 
several contractors were working on 
CMOS implementations of the VHSIC 
design goals, bipolar MOS and NMOS 
IC's actually were the first to be delivered. 
The reason for this was that, besides the 
inherent speed of bipolar devices, they are 
less susceptible to damage by static dis- 
charge than CMOS. Reliability is very 
important, because VHSIC IC's are in- 
tended almost entirely for the military 
market. 

Even so, the disadvantages of bipolar 
IC's (high power consumption and heat 
dissipation) caused Motorola, Hughes, 
and other contractors to concentrate their 
efforts on meeting the design goals with 
CMOS parts. Since the beginning of the 
VHSIC program, considerable advances 
had been made in CMOS fabrication tech- 
nology. Little by little the major draw- 
backs of CMOS-based IC design — low 
component density and relatively slow 
speed being chief among them — were 
being overcome. 

Areas that traditionally were dominated 
by bipolar and NMOS IC's began to see 
an influx of CMOS replacements. CMOS 
versions of both high-density static and 
dynamic RAM's appear on the market 



regularly, and now even EPROM's and 
EEPROM's are produced in CMOS. The 
IC's being produced for the VHSIC pro- 
gram are all designed to do specific jobs, 
and contractors are trying to use CMOS 
for as many of those IC's as possible. 

Honeywell, however, decided to go 
with bipolar design, and opted for three 
different types of bipolar devices, because 
each has specific benefits for different ap- 
plications. Standard Schottky TTL was 
chosen for I/O, because that would it easi- 
er to interface the VHSIC IC's to regular 
TTL logic. In addition, CML (Current 
Mode Logic) and 1SL (/n teg rated Schot- 
tky Logic) were chosen because each has 
better speed, component-density, and 
power- con sumption figures than other bi- 
polar schemes. Three VHSIC IC's were 
planned: a parallel pipeline processor 
containing 142,000 transistors, an arith- 
metic unit with 121 ,000 transistors, and a 
sequencer unit with 136,000 transistors. 

Honeywell's approach to designing 
those IC's reflects the trend in VLSI and 
VHSIC design. Emphasis is placed on 
developing a library of functional ele- 
ments, called "macrocells," that can be 
combined on the substrate to produce an 
IC optimized fora specific job. The size of 
those macrocells ranges from a few gates 
to as many as 2000 gates, depending on 
function. A macrocell test chip is shown 
in Fig. 2; it contains various building 
blocks including 2K RAM's, 29K 
ROM's, barrel shifters, ALU's, etc. 

The macrocell approach to custom-IC 
design results in a higher production 
yield, because each element is thoroughly 
debugged before manufacture. The ad- 
vantage of that sort of step-by-step ap- 
proach is that Honeywell obtained 
completely functional IC's on the first 
production run. 

With an eye to the commercial use of 
that technology. Honeywell formed a mar- 
keting division called Solid State Elec- 
tronics and built one of the first plants 
devoted exclusively to the production of 
VHSIC IC's. The physical requirements 
for the plant are far and way the most 
demanding for any IC-fabrication facility. 

VHSIC manufacture calls for a class-10 
clean room, in which there can be only 10 
particles per cubic foot of air. That is ten 
times cleaner than traditional clean-room 
standards. The inner surfaces of the pipes 
that carry gas are micropolished to ensure 
that the product they deliver is 99.9999% 
pure, and, as shown in Fig. 3, workers 
must wear bubble suits. Those suits are all 
custom fitted and have portable air-cir- 
culating units on the waist. The clean- 
room environment must be controlled so 
that temperature stays within ±2 degrees 
and humidity within ±5%. 

Honeywell recently began offering a 
three- IC set as an electro-optical signal 
processor to be used for video signal and 
real-time image processing. The 1.25-mi- 
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FIG. 3 — ULTRA-CLEAN AIR is required in VHSIC manufacturing. A single air-borne particle could ruin 
one of the 240 VLSI and VHSIC chips on the 6-inch wafer. 



cron spacing of those IC's allows clock 
speeds greater than 25 MHz and a compo- 
nent density of more than 30,000 gates 
per IC. This means that the IC set is capa- 
ble of throughput greater than 800 million 
operations per second per processor 
stage. It's also possible to design custom 
IC's using that technology by combining 
different macrocells. In addition, Hon- 
eywell has developed software that runs 
on Digital's VAX that turns the computer 
into a dedicated VHSIC design center. 

Technological trickle-down 

VHSIC 's are produced for the Depart- 
ment of Defense, so there's little public 
information on the materials and fabrica- 
tion technology used. But, as with other 
advances in the semiconductor industry, 
VHSIC has been trickling down to the 
commercial market. Motorola, for exam- 
ple, has been one of the leading lights in 
adapting VHSIC to CMOS. They suc- 
cessfully produced a four- port memory 
using 1.25-micron CMOS technology. 
The chip's size is 290 by 313 mils, it 



contains some 60,000 transistors, and it 
operates at speeds as high as 25 MHz. 

Most of the leading semiconductor 
manufacturers currently feature standard 
IC's and custom gates with trace widths of 
2 microns- In light of recent developments 
in the VHSIC program, it's an obvious 
conclusion that 1.25-micron CMOS tech- 
nology will soon become the de facto 
standard for the industry. Honeywell has 
already already announced the 
HC 20,000, a 1 .25 -micron gate array 
whose fabrication technology is a direct 
result of VHSIC development work. 

In addition, Honeywell's CMOS III 
program uses the same double-level met- 
al, N-weil, single-polysilicon process, 
and self-test features found in the VHSIC- 
CMOS products being produced for the 
government. The HC2Q.000 integrates 
some 18,000 gates using 238 CMOS or 
low-power Schottky TTL user-program- 
mable I/O pins. As with any gate array, 
users specify how they want the gates con- 
nected; Honeywell then produces a mask 
to make the interconnections on the chip. 



The resulting product is a dedicated IC 
produced at close to standard prices. 

Analog and VHSIC 

The speed and power available from the 
firsl wave of VHSIC (C"s pushes the fron- 
tiers of digital processing even further into 
areas traditionally dominated by analog 
designs. Standard 2-micron digital IC's 
can handle AM radio and voice synthesis 
easily. Although the new 1.25-micron 
VHSIC IC's were designed for military 
applications, their 25 -MHz speed will go 
a long way toward extending digital tech- 
nology into the areas of CAD (Computer 
,4ided Design), video processing, real- 
time image handling, and so on. 

When second-phase VHSIC IC's start 
appearing around 1990, their half-micron 
geometries will enable them to run at op- 
erating speeds exceeding 100 MHz. And 
there's no doubt that they will appear, 
because Motorola has already announced 
the successful fabrication of a I K CMOS 
static RAM featuring half-micron trace 
widths. That astounding achievement was 
done by using both direct -write electron 
beam and optical lithography. 

VHSIC IC's and custom gate arrays 
eventually will be used by the commercial 
market. VLSI IC's are already being used 
for digital video processing, but due to 
their relatively low operating speeds 
(compared to video), considerable com- 
promise is made in image quality. Incom- 
ing frequencies must be divided down to 
be handled hy currently available digital 
processors. And every time you divide the 
frequency, there's a loss in quality. 

The government initialed the VHSIC 
program because it wanted more powerful 
IC's with higher operating speeds. Be- 
cause their applications were almost ex- 
clusively military, they were looking for 
advantages in processing capability and in 
weight. The commercial market is, of 
course, a completely different story. It 
may be some time before you can rush 
down to your local electronics store and 
pick up a handful of VHSIC hardware. 
Even the commercial units that are avail- 
able now are aimed at OEM's, so prices 
are prohibitive for hobbyists and experi- 
menters. But it's only a matter of time 
until a single-lC TV appears. 

To wrap up, we've seen that IC's started 
out with 20-micron trace widths and a 
handful of transistors, and that compo- 
nent density has increased tremendously 
in the last twenty years. Motorola's 68000 
has more than 13,000 gates, but those 
gates are built with 3-micron geometry, 
and the substrate is almost one quarter 
inch square. Compare that with the phase- 
one VHSlC's that, using 1.25-micron ge- 
ometry, can pack more than 30,000 gates 
into an area less than a third that size. And 
when phase-two VHSIC's become avail- 
able, you'll find more than 250,000 gates 
in the same space! R-E 
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This month we show you how to build 
and align a gated-pulse decoder. 



Part 8 



THIS MONTH, WE LL 

look at a decoder for 
the outband system. Also, the PC board 
for January's gated sync descrambler is 
included in this month's PC Service. 



Outband decoder 

The outband system is used exclusively 
by cable-TV programmers. In it, the vid- 
eo signals, minus the horizontal sync 
pulses, are sent out over the assigned ca- 
ble channel. The horizontal-sync is 
placed on another carrier, which can be 
located at just about any unused frequen- 
cy within the cable system's bandwidth. 
The job of an outband decoder is to tune in 
the hidden carrier, extract the sync pulses, 
and recombine them with the video sig- 
nal. In the following discussion, we will 
assume that the scrambled video has a 
center frequency of 150 MHz, and that the 
sync ts located on a 100-MHz carrier. 

If the circuit shown in Fig. 6 is to work 
properly, the cable must present a 75-ohm 
impedance and deliver a signal level of at 
least I millivolt. The cable lead is, of 
course, connected to the input, Jl. A 
lowpass filter composed of CI, C2 and LI 
passes the 100-MHz sync signal but 
blocks the 150-MHz video signal. Like- 
wise, L2, C3, and C6 form a high pass 
filter that blocks the 100-MHz sync signal 
but allows the 150-MHz video signal to 
pass. We'll gel to where that video signal 
goes in a moment. That circuitry allows 
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only the sync information to reach IC1 , an 
MCI 350 IF amplifier. Note that while that 
IC is designed for 60-MHz operation, its 
performance is more than adequate at 100 
MHz (gain is greater than 30 dB). The 
100-MHz signal is fed to pin 4. 

An amplified sync signal appears at pin 
8 of IC1 and is coupled to pin 7 of IC2, an 
MC1330 video detector. That IC is tuned 
to 100 MHz by the C5-L4 network. Com- 
plementary outputs are available at pins 4 
and 5. In our application, the detected 
signals available at those points consist of 
the sync pulses only. One output (pin 4) is 
used only as a test point. 

Normally, a 30-millivolt input should 
produce an output on the order of one volt. 
But since the circuit is designed for 45- 
MHz operation, and we are using it at 100 
MHz, the gain of the IC is somewhat 
reduced. In our experiments, we have 
seen outputs on the order of 300 milli- 
volts. That is sufficient for our needs. 

From IC2, the sync signal is fed to a 
differential amplifier made up of Q2 and 
Q3. The base of Q3 should be biased at 7 
volts. If needed, the value of R7 can be 
changed to achieve that bias level. 

Under normal conditions (no sync 
pulse received) Q3 is nearly cut off and 
Q2 is conducting heavily. That means that 
Ql is also cut off and a DC current is 
flowing from the collector of Q2 through 
the L7-R9-D2-R12-L6 circuit to ground. 
The voltage at the collector of"Q3 is prac- 



tically zero, and very little current flows 
through the R8-R10-L5-D1 circuit. There- 
fore, Dl is cut off and the 150-MHz video 
signal from the L2-C3 network must flow 
through the RI1-C16-R12 circuit. Since 
D2 is biased on, some of the 150-MHz 
energy is shunted to ground by R9. In 
essence, R9, Rll, and RI2 form a "T" 
pad, attenuating the signal by about 6 dB. 
When a sync pulse is received, the volt- 
age at pin 5 of IC2 rises. That cuts off Q2 
and biases Q3 on, which in turn biases Ql 
on (through R8). Transistor Ql now con- 
ducts heavily, grounding the collector of 
Q2. At the same time, current flows 
through R10, L5, and Dl, biasing it on, 
and grounds L6. Since Dl is now on, it 
offers a low- impedance path to the 150- 
MHz signal, allowing it to bypass the 
"T-" pad circuit previously described and 
to reach the output jack, J2, with rela- 
tively little attenuation. In essence, the 
150-MHz signal is boosted during the 
syne intervals, restoring the proper sync- 
to-video relationship and decoding the 
signal. 

Building the circuit 

A parts- placement diagram of the cir- 
cuit is shown in Fig. 7. The corresponding 
PC pattern can be found in PC Service. 
Note that the values of several of the ca- 
pacitors and inductors will vary with dif- 
ferent sync channel frequencies. Table 1 
gives the appropriate values for two popu- 
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FIG. 6— FOR THE OUTBAND DECODER shown here to work, the cable company must provide at least 
a 1 millivolt signal. Values for C1-CS and L1-L4 are found in Table 1. 
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FIG. 7— IF YOU USE THE PC PATTERN shown in PC service, use this diagram when mounting the 
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lar sync-channel frequencies: 50 MHz 
and 90-114 MHz. 

Also, if you do not order the kil from 
the supplier mentioned in the parts list, 



you will need to wind four of the inductors 
(L1-L4) yourself. All are wound using 
No. 22 enameled wire on an 8-32 screw. 
Coil Ll consists of 7¥i turns, L2 consists 



of 2Yi turns, L3 consists of &A turns, and 
L4 consists of 8 Vi turns. Once each coil is 
wound, remove the screw and replace it 
with an iron core. Cores can be salvaged 
from coils removed from an old TV or 
radio as previously discussed. Also, an 
appropriate core is manufactured by Mid- 
land-Ross, Cambion Division; its part 
number is 515-3225-06-21 -00. If wound 
properly, the coils can be adjusted to the 
inductances indicated in Table I. 

Once the board is built, check your 
work for poor solder joints, solder 
bridges, proper component alignment, 
etc. Correct any errors you spot. A pho- 
tograph of the completed outband de- 
coder board is shown in Fig. 8. 



TABLE 1— CAPACITOR AND COIL 


VALUES 




50 MHz 


90-114 MHz 


C1 5pF 


5pF 


C2 47 pF 


12 pF 


C3 200 pF 


82 pF 


C4 56 pF 


12 pF 


C5 56 pF 


10 pF 


L1 0.2 u.H 


0-2 u.H 


L2 0.05 U.H 


0.03 u.H 


L3 0.175 u.H 


0.2 u.H 


L4 0.175 u.H 


0.24 u.H 
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PARTS LIST 
OUTBAND DECODER 
All resistors V* watt, 10% unless noted 
R1— 100 ohms 
R2, R&-4700 ohms 
R3— 3300 ohms 
R4 — 470 ohms 
RS — 680 ohms 
R7— 10,000 ohms 
R&— 22,000 ohms 
R9— 62 ohms 
R1 0—2200 ohms 
R11, R12— 33 ohms 
Capacitors 

C1-C5— see text and Table 1, NPO 
C6-C10, C14-C1 7-^70 pF, ceramic disc 
C11 — 0.01 nR ceramic disc 
C12, C13— 10 jjlF, 16 volts, electrolytic 
C18 — 100 pF, ceramic disc 
Semiconductors 

IC1— MC1350 video !F (Motorola) . 
IC2— MC1330 video detector (Motorola) 
Q1— 2N3904 NPN transistor 
Q2, Q3— 2N3638 PNP transistor 
D1.D2, D4— 1N914B diode 
D3— 1N4001 diode 
Other components 
L1-L4— see text and Table 1 
L5-L7— 5.6 ixH, RF choke 
S1— DPST switch, slide or toggle 
S2— SPST switch, slide or toggle 
J1, J2 — phono jacks 

Miscellaneous: PC board, wire, solder, 
etc 

Aligning the unit 

Begin by measuring the resistance be- 
tween the power supply and ground rails. 
If it's less than a few hundred ohms, re- 
check ICI and 1C2 and the transistors for 
correct orientation. Once you've found 
and corrected the error, you can proceed. 

Next, connect a VHF signal generator 
to the junction of C2 & C6 (input) and 
apply voltage to the power-supply rail. 
Connect a wideband (5 MHz), low-capac- 
itance (1 megohm shunted by 10 pF, or 
less) scope between pin 4 of IC2 (use the 
convenient lest point provided) and 
ground. Any modern TV-service scope 
should be able to meet those criteria. 

Set the generator to the carrier frequen- 
cy used for sync pulses on your cable 
system. Sometimes, an unused cable- 
channel frequency is used for that. If you 
find a channel that displays a clean white 
raster, you have likely found the sync 
channel. Otherwise, you'll need to ask 
your cable operator for that information 
when you request permission to use the 
circuit. The circuit should never be used 
to decode cable signals without such 
permission. For the purposes of our dis- 
cussion, we will assume that the sync- 
channel frequency is 100 MHz. Modulate 
the generator's output 80% with a 10-mil- 
livolt, 1-kHz signal. Adjust L3 and L4 for 
maximum output. At that power level, 
some distortion is likely. If the output is 
reduced to 1 millivolt, it should be possi- 
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FIG. 8— THE FINISHED OUTBAND DECODER is shown here. 



ble to obtain a 0.2-0.5-volt, 1-kHz sine- 
wave. Note that if the cable company uses 
a frequency around 50 MHz for the sync 
channel, the gain will be higher. 

Next attach a TV or FM-radio receiver 
to the output, J2, and adjust L2 so that the 
sync frequency is blocked. That is indi- 
cated on the TV by the white raster dis- 
solving into snow or on an FM radio by a 
null in the signal. This adjustment is 
broad, and hence not critical. 

Next, tune the generator to the center 



Ordering Information 

The following are available from 
North Country Radio, P.O. Box 53, 
Wykagyl Station, New Rochelle, 
NY 10804: Complete sinewave de- 
coder kit, including PC board 
(metal box for interface circuit not 
included), item SW-1, $52.95 plus 
$2.50 postage and handling; Pulse 
decoder kit, including PC board, 
item PD-1, $54.95, plus $2.50 
postage and handling; Outband 
decoder kit, including PC board, 
item OB-1, $34.95 plus $2.50 
postage and handling. All three 
kits can be purchased together for 
$129.95 plus $3.50 postage and 
handling. The LX1Q-33coil is avail- 
able separately for $4.00, plus 
$1.75 for postage and handling. NY 
residents please add appropriate 
sales tax. 

The authors of this series on 
television scrambling and de- 
scrambling have written a com- 
prehensive book on the topic. 
Entitled Video Scrambling and De- 
scrambling for Satellite and Cable 
TV, it is available as book no. 
22499 from Howard W. Sams & 
Co., Indianapolis, IN 46268. 



frequency of the scrambled channel (I50 
MHz in our case) and increase its output 
again to 10 millivolts, or more, until some 
response is seen at the test point. Adjust 
LI for minimum response. 

Now, connect the scope probe between 
the ,ollector of Q3 and ground. With a 1- 
millivolt input, a 2-kHz squarewave 
should be seen. That indicates Ql, Q2, 
and Q3 are switching. If that squarewave 
is missing, check to be sure that there is 
0.5-1 volt positive pulse at pin 5 of IC2. If 
everything else has checked out to this 
point and that pulse is missing, the IC is 
probably defective. Also check Q2, Q3 
and their associated components. If you 
cannot locate any errors, try changing the 
value of R7 to 8.2 K or I2K or replace the 
resistor with a 20 K potentiometer. 

Next, check R33 for a the presence of a 
pulse. It should be 0.1 volts, or more, 
indicating that sufficient current is flow- 
ing to bias Dl and D2 on. 

If you have trouble getting the circuit to 
work, try experimenting with the values 
of R9, Rll, and R12. If you find that the 
insertion loss caused by the circuit is ex- 
cessive, try replacing DI and D2 with 
Motorola MPN3404 PIN diodes. 

That completes the alignment of the 
decoder. Obviously, not all cable systems 
will use our example frequencies; in fact it 
is likely that none will. However, it is a 
simple matter to adjust the circuit for op- 
eration for a particular frequency pair. Be- 
fore performing those adjustments, 
however, be sure to contact your cable- 
system operator and obtain authoriza- 
tion in writing. Using the outband de- 
coder for unauthorized descrambling 
of a cable signal may be illegal. It is up 
to the user to determine what the re- 
quirements are for legal use and to 
meet them. R-E 
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FINDING 
C>1BLE 
FAULTS 



Never heard of time-domain 
reflectometry? Find out 
what it's all about 
right here. 



VAUGHN D. MARTIN 



FAULTS IN TRANSMISSION LINES CAN SE- 

verely disrupt the operation of radio trans- 
mitters, local -area networks, telephone 
systems, and many other high-power, 
high-speed devices. Without proper test 
equipment, locating faults can be ex- 
tremely difficult — if not impossible. Sim- 
ple DC-resistance tests seldom are able to 
reveal the location of a fault, not to men- 
tion its type- 
Special test instruments do exist, 
however, that aid diagnosis of many types 
of cable faults — not just clean breaks. The 
Time Domain /feflectometer (TDR) relies 
on AC impedance measurements to diag- 
nose both the type and the location of 
many types of cable faults. 

TOR overview 

The basic idea behind time-domain re- 
flectometry is this: Send a high-speed 
pulse (or pulse train) with well-defined 
characteristics down a transmission line. 
Eventually it will be reflected back to the 
source, where the original and the re- 
flected signals may be compared in phase, 
frequency, and amplitude. Depending on 
the quality of the cable, its impedance, 
and any faults (which may include clean 
breaks, frayed shields, etc.), the reflected 




signal will have a "signature" that may be 
analyzed to reveal fault location and type. 

Aside from discontinuities (opens), the 
transmission line itself has a number of 
relevant properties, including a charac- 
teristic impedance, which may or may not 
change with frequency, and which may 
vary with length. It also has its own ve- 
locity of propagation, and a characteristic 
attenuation per unit length, which varies 
with frequency. The TDR can provide 
quantitative and qualitative information 
on those characteristics in a single mea- 
surement. 

The theory behind TDR's has been 
known for years, but it wasn't until about 
20 years ago, when sub-nanosecond pulse 
generators and oscilloscopes with equiv- 
alent bandwidths became available, that 
time-domain reflectometry became prac- 
tical. 

With the new equipment, distance reso- 
lution shrank from hundreds of yards to 
fractions of an inch. Further, the new gen- 
eration of sampling oscilloscopes permit- 
ted accurate measurements of reflected 
signals in the millivolt range. 

By the way, the sampling scope is not to 
be confused with the storage scope. A 
sampling scope (like HP's early !40A and 



its accompanying 1415A 
TDR plug- in) is used to obtain a 
prolonged view of a repetitive waveform. 
The sampling scope actually measures the 
instantaneous voltage of a waveform at 
various points, so the waveform must be 
periodic, or else the whole trace will not 
appear on the screen. Each sample is dis- 
played as a single dot on the scope's CRT; 
after a number of successive samples are 
taken, the waveform is "filled out" and 
appears as a complete trace on the screen. 
A storage scope, by contrast, captures 
the entire portion of the desired signal at 
once, not just a small portion of it, and 
then displays it when desired. 

Principles of operation 

In some industries the TDR is called a 
"wire radar," because radar and time- 
domain reflectometry operate on similar 
principles. A block diagram of a typical 
TDR is shown in Fig. 1-a. As shown in 
Fig. l-b, an ultra-fast (sub-nanosecond) 
voltage step is sent down the cable under 
test. The cable's propagation velocity is 
known, so the time for the reflected signal 
to bounce back can be measured, and the 
distance to the fault calculated. The faster 
the step, the greater the distance resolu- 
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FIG. 1— THE TIME-DOMAIN REFLECTO METER 
works by sending a very fast pulse down a 
transmission line, and then comparing the origi- 
nal with its reflection. 

tion. The HP 140A mentioned earlier had 
a response of 2.3-GHz, which corre- 
sponds to 150 picoseconds. 

The reflected signal is shown in Fig. 
l-c. The shape of the reflection is related 
to the impedance of the cable and other 
factors, as we'll see shortly. Any devia- 
tion from the initial signal can be recorded 
and analyzed. The effects, therefore, of 
cables, connectors, baluns, strip lines, 
tapered sections, and other broadband de- 
vices can be analyzed with a TDR. 

Generally, the reflected signal is super- 
imposed on the original signal , which re- 
sults in a step-up or a step-down transition 
on the display. The step-up condition re- 
sults when an inductive fault (or a fault 
with resistance higher than the cable's 
nominal impedance) causes an in-phase 
reflection with the initial pulse. The sig- 
nals add, and the effect is the step-up 
transition manifested on the CRT display. 

Conversely, the step-down transition 
results when a capacitive fault (or a fault 
with resistance lower than the cable's 
nominal impedance) causes an oot-of- 
phase reflection with the initial pulse. 
Those signals subtract, and the result is 
the displayed step-down transition. 

Real TDR's 

With the basic theory in mind, let's take 
a look now at several real -world TDR's, 
namely, Tektronix' 1502 and 1503. which 
are moderate- and long-range devices, re- 
spectively. The 1502 has shorter range but 
better resolution (2000 feet and 0.6 
inches, respectively) than the 1503 
(50,000 feet and 3 feet, respectively). The 
stated resolutions for both models are the- 



oretical ideals, not real -world figures. The 
reason ideal figures are cited is that the 
resolution/accuracy issue is fraught with 
qualifiers to the extent that it is nearly 
impossible to make a blanket statement 
concerning both accuracy and resolution. 
We'll see why momentarily. 

Reflected voltages 

If we let E + represent the initial pulse 
and E — the reflected signal, then the re- 
flection coefficient p is given as follows: 

p = E-/E + 

The 1502 displays the fault-reflection co- 
efficient p on the CRT; that value is refer- 
enced to the transmitted voltage by the 
vertical amplifier, which is directly cali- 
brated in milli-p per division, for a 50- 
ohm system. If p is very small, then the 
cable's impedance would approach the 
reference impedance per this formula: 

Z = Z REF {1+p)/(1-p) 

The reference impedance (Z RHF ) is 50 
ohms; it is set by a precision 50-ohm cable 
supplied by Tektmnix. |i ma\ assume an) 
value between -I and +1. -1 corre- 
sponds to a short circuit, which appears as 
shown in Fig. 2; + I corresponds to an 
open circuit, as shown in Fig. 3. A 
positive p corresponds to a rise on the 
CRT screen, and a negative p to a dip. 

The 1502 TDR actually displays the 
reflection coefficient p versus the distance 
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FIG. 2— A TEKTRONIX 1502 displays a shgrt 
circuit. 
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FIG. 3— A TEKTRONIX 1502 displays an open 
circuit. 



to the detected fault. You can think of that 
as impedance versus distance. The time 
delay between the initial signal and its 
reflection from the fault identifies the dis- 
tance to the fault. 

Interpretation 

Faults occur in even the best high-fre- 
quency transmission systems, and they 
can cause substantial losses of power, or 
severely distort the transmitted signal. 
Faults come in many forms: The dielectric 
may deteriorate and change; water may 
leak into cables or connectors; contacts 
may corrode; conductors may open or 
short; the cable may be cut or damaged; or 
a clamp may be fastened too tightly. The 
TDR treats all such occurrences as dis- 
continuities, abrupt transitions in the oth- 
erwise-constant characteristic impedance 
of a transmission system. 

The ideal cable should appear as a re- 
sistive load, with no reflections occurring 
except at the beginning and the end of the 
cable. 

In practice, reflections do occur, and 
they indicate changes in impedance. Re- 
flections may appear as steps or pedestals, 
which generally indicate that a cable of 
different impedance has been spliced into 
the line. Reflections might also appear as 
small bumps, which indicate a fault or 
discontinuity. Further, the profile might 
show a slowly rising or falling charac- 
teristic , which indicates a series or shunt 
loss in the cable. 

If the overall loss in a transmission line 
is less than about 0,25 dB, and if the total 
impedance variation along the line is less 
than about ± 10 ohms, the impedance 
profile is valid. Therefore, the trace dis- 
played on the screen is an accurate repre- 
sentation of the impedance at all points 
along the line, within the accuracy limits 
of the system. 

As stated earlier, the CRT of the 1502 is 
calibrated in p per division; p is related to 
impedance by this formula: 

p = (Z-50)/(2 + 50) 
= 50'(1 + p)/(t- P ) 

Signatures 

The nature of a fault may be discerned 
because the height and the shape of a^ 
reflection may be observed as a signature. 
With experience the operator becomes ac- 
customed to interpreting signatures. 

Figure 4 shows a number of TDR-de- 
tected cable faults with their resultant fault 
signatures. 

As shown in in Fig. 4-«, a sharp pulse 
applied to a line with an inductive fault 
gives a pulse with a slowly falling output. > 
The remaining parts of that figure show ^ 
how pulses of different shapes appear I 
after being fed through a line with the ^ 
indicated type of fault. ^i 
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domain techniques to determine a sys- 
tem's overall VSWR. 

A long-range TDR 

Tektronix" model 1503 is a TDR that is 
designed for long-range measurements of 
twisted-pair and other low-bandwidth 
cables. A block diagram illustrating basic- 
operation is shown in Fig. 5-a. Because of 
the low bandwidth, it is necessary to use 
high-energy signals of controlled band- 
width. The 1503 uses 10- volt S-ti-sinewave- 
shaped pulses, as shown in Fig. 6-b; de- 
pending on the type of fault, the reflected 
signal will be a reduced-amplitude, time- 
delayed version of the original signal, as 
shown in Fig. 6-c. 




FIG, 4 — SHARP PULSES are fed to inductive (a), capacitive (c), resistive (e), and straight-through {g), 
conductors. Half-sinewaves are fed to corresponding circuits in b. d. f and fi. 



FIG, 5— BLOCK-DIAGRAM OF THE 1503 (a) is 
similar to the 1502, shown in Fig. 1. However, the 
1503 uses half-slnewave signals (b) whose 
shape and amplitude (c) can be Interpreted to 
diagnose cable faults. 

The 1503 also has a precision log am- 
plifier to amplify weak signals. Unlike the 
1502, which reads in p, the 1503 reads in 
return loss. Return loss may be related to p 
as follows: 



As in any measurement technique, 
there are limitations imposed both by the 
state of present-day technology and by the 
technique itself. The TDR relates time to 
distance, so the risetime of the incident or 
the reflected pulse limits maximum dis- 
tance resolution. It also limits system 
bandwidth — the frequency range over 
which measurements are valid. For exam- 
ple, reflections generated in waveguide 
systems, unlike coaxial systems, travel at 
various propagation velocities, depending 
upon the mode of propagation. Therefore, 
analysis of waveguide reflections is com- 
plex; it is further compounded by the in- 
herent low-frequency cutoff of those 
systems. Hence the analysis is inherently 
narrow- band. 



TDR and SWR 

Whereas TDR measurements isolate a 
transmission line's characteristics in time 
(location), Standing Wave flatio (SWR) 
measurements provide an immediate over- 
all indication of a transmission line's per- 
formance. A TDR can be used to calculate 
worst-case VSWR (Voltage Standing 
Wave flatio) by using the following for- 
mula: 



or 



where 



Return loss = 20 log p 



Ipl = 10-* 



X = Return loss / 20 



VSWR = (1 + lpl)/(1-lpl) 

However, the TDR cannot predict the fre- 
quency at which that VSWR will occur. 
The equation is useful in verifying specifi- 
cations on connectors or splices; however, 
since reflections combine in a complex 
manner, it is necessary to use frequency- 



As shown in Fig. 6, the 1503 has con- 
trols to calibrate the CRT display. Usually, 
the original pulse is adjusted to occupy 
two CRT divisions, and so is the reflected 
pulse. Then return loss may be read di- 
rectly from the front-panel control. 

Length problems 

A long cable can yield erroneous read- 
ings. The reason is that, due to cable loss, 
a major fault at a great distance will yield 
reflections that appear similar to a minor 



68 



POWER bmteh* 






X-Y OUTPUT M 
016 060S-0 

PEN LIFT 

• < 

TEKTRONIX 

e < 



c 



— ■■ 



FIG. 6— FRONT PANEL OF TEKTRONIX' MODEL 1503 JOB has controls that calibrate the CRT for direct 
distance display. 
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FAULTED WIRE 
PAIR IN CABLE 
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START DEFECTIVE CASE"^ HIGH-RESISTANCE END 

OF WATER "SPLICE FAULT OF WATER 

FIG. 7— A MOISTURE-LADEN TELEPHONE CABLE can fool a TDR about the location of the fault. A 
bridge-type tester may be necessary for maximum accuracy. 




FIG. B — AN ISOLATION NETWORK is available for the 1503; the network improves noise immunity. 



fault at a short distance. The cure is to 
include mathematical corrections that in- 
clude the effect of pulse attenuation. 
On a longer cable, the risetime t R of the 



reflected pulse is almost totally a function 
of the cable itself; t R in seconds is ex- 
pressed by the following equation: 
t R = {13.133 x 10-6) «rjf L.2 



In that equation, a is cable attenuation 
in dB/1000 feet at/ (in Hz), and L is the 
cable's length in feet. When using that 
formula, you should double the value for 
length, because the pulse must travel 
down the cable and back. In practice, 
RG213 cable has a reflected risetime of 12 
ns through 50 feet of cable; a 50-foot 
length of RGI74 has a 120- nanosecond 
risetime. 

The vertical accuracy (the accuracy 
with which p is displayed) of both the 
1502 and the 1503 is specified at ±3%. 
Accuracy can be improved (as outlined in 
MIL-C- 17, a specification devised for mil- 
itary use) by making measurements with 
the 1502 using a precision air- line refer- 
ence to determine characteristic cable im- 
pedance. 

Length determination 

When attempting to relate electrical 
length to physical length, it is important 
to take into account four sources of possi- 
ble error; 

• Cable snaking, twisting, and looping, 

• Variation in propagation velocity in a 
given type of cable. 

• Sections composed of different cables 
with different propagation velocities. 

• Measurement accuracy of physical ca- 
ble length. 

Snaking refers to the loss caused by 
cable take-up. For example, it may take 
1000 feet of cable to cover a distance of 
990 feet. 

Propagation velocity depends on the 
cable's insulation and on the geometry of 
its cross -sect ion. Most cable manufac- 
turers control propagation to within 0.5 
percent; however, different manufac- 
turers' makes of the same cable can vary 
by as much as two percent. For example, 
Beiden specifies the propagation velocity 
of its Teflon dielectric coaxial cable (type 
PTFE) as 69.5 percent of that in air; 
however, the same cable from ITT has a 
velocity of 71 percent. 

Those figures are quoted for coaxial 
cable, the most stringently controlled type 
of cable. Twisted-pair and other types of 
cables yield greater differences. 

When cable types are mixed, determin- 
ing length can be difficult. For example, 
older sections of pulp-dielectric tele- 
phone cables are being spliced to new 
Polyethylene /nsulated Cables (PIC). The 
resultant change in propagation velocity 
when a signal moves from one to the other 
drastically alters a cable's signature. 

The last problem of cable -length mea- 
surement is often brought about by the 
operator's inability to judge distance 
accurately. For example, to clear obsta- 
cles, a cable might snake around brush, 
go down into a ditch, around a torn-up 
sidewalk, etc. 

There are several practices that can help 
minimize error. First, take multiple read- « 
ings. Second, use known points on the Sj 
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FIG. 9— COAX FAULTS CAN BE MEASURED at greater distances than twisted-pair faults. 



Practical testing 

First, it must be said that the TDR is not 
the only means by which cables may be 
tested; other methods may be used in 
some cases to obtain better results than 
with a TDR. For example, note the PIC 
cable in Fig. 7. Water has leaked into a 
below-ground telephone cable and will 
eventually cause insulation breakdown. 
That will place a resistance of several hun- 
dred thousand ohms across the cable. Fur- 
ther, through electrolysis, the cable's 
continuity will gradually be destroyed. 

A TDR cannot detect the point where 
the insulation weakness begins, whereas a 
bridge-type fault locator can. On the other 




FIG. 10— PERFORMANCE OF AN L-BAND anten- 
na can be measured with a TDR. 
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FIG. 11— THE TDR SIGNATURE of the L-band antenna pictured in Fig. 10 is shown here. 
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FIG. 12— TEST-JIG CABLE ASSEMBLY has two types of cables and several interconnections. 



cable to calibrate the TDR. Last, take 
readings from both ends of the cable. The 
latter is a particularly good idea if the 
cable is composed of two spl iced-together 
cables with different dielectrics. 



hand, the TDR can detect water in the 
cable, but a bridge cannot. In summary 
then, the TDR can detect the problem and 
the bridge can detect the symptom. 
Realizing another limitation of the 



TDR will help preserve both the instru- 
ment and the well-being of the operator. 
The TDR cannot withstand any signifi- 
cant voltage on the cable under test. For 
example, with the 1502, a voltage-carry- 
ing cable should be disconnected from 
any powered equipment, and the ends of 
the cable should be terminated or shorted 
to bleed off static charge that may have 
built up. 

The 1503 is more rugged; ii can with- 
stand up to 400 volts (DC + peak AC) at 
frequencies as high as 440 Hz. You can 
obtain a good signal even with more than 
100 volts of 60-Hz AC. The 1503 also 
comes with an isolation network, shown 
in Fig. 8; that network is recommended 
for use with twisted-pair lines. 

Both the 1502 and 1503 possess varia- 
ble noise filters that enhance their S/N 
ratios. To test a noisy cable you may want 
to use the isolation network to provide a 
crisp, clean trace. 

In practice, the first thing to do is to 
match the TDR's impedance to the im- 
pedance of the cable under test as closely 
as possible. The object of impedance 
matching is to put as much energy into the 
cable under test as is possible. However, if 
you're only interested in the distance to a 
cable fault or its signature, it may be un- 
necessary to calibrate the TDR . 

The J503 comes with a 50-ohm imped- 
ance standard, and the 1502 comes with 
impedance adapters of 75, 93, and 125 
ohms; those same impedances may be set 
through front-panel pushbuttons. Most 
twisted-pair cables are tested with the 93- 
ohm setting or adapter; however, when the 
isolation network is used with the 1503, 
the 125-ohm setting should be chosen. 

If an impedance adapter is unavailable, 
both the 1502 and the 1503 feature front- 
panel gain adjustments that allow precise 
recalibration for cables of any impedance. 
The effects of impedance mismatch are an 
invalid indication of p or return-loss cal- 
ibration, reduced range, and re -reflec- 
tions that appear as multiples of the 
distance to the actual fault. 

It is very important to establish a good 
connection to the cable under test. Re- 
member thai the TDR contains high-fre- 
quency data that is not transmitted effi- 
ciently by pieces of lamp cord, battery 
clips, etc. In fact, low-quality cable sub- 
stantially reduces the TDR's range and 
accuracy. Refer to Fig. 9 and note how 
large -diameter low- loss coax enables 
communications over a greater distance 
than small-diameter coax and twisted 
pair. 

Antenna testing 

In any kind of time-domain reflectome- 
try, a chart recorder is useful for recording 
and preserving test data for later com- 
parison with questionable equipment. For 
example, a chart recorder and a 1502 are 
continued on page 90 
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Our back-to-school series continues this month with a discussion of FET characteristics. 



Part 2 



IN OUR LAST INSTAU-- 

ment we investigated 
the static properties of the bipolar tran- 
sistor. This time we'll turn our attention to 
the unipolar transistor, more commonly 
known as the Field Effect Transistor, or 
FET. 

There are two basic types of FET: the 
Junction FET (JFET) and the Met- 
al-Oxide Semiconductor FET 
(MOSFET). Like bipolar transistors, 



TJ Byers 

FET's comes in two "sexes:" N- and P- 
gate. In the test set-ups shown here, we'll 
use N-gate FET's. Those circuits can be 
adapted to P-gate types simply by revers- 
ing the polarities of voltage and current 
sources, and voltage and current meters. 

JFET characteristics 

The FET differs from the bipolar tran- 
sistor in that it has only one junction. The 
FET is built as shown in Fig. 1. It is a bar 




F1G.1 — THE JUNCTION FET is built from a bar of semiconductor material around which a diode 
junction is formed. 



of semiconductor material with a diode 
junction formed around its center. One 
end of the bar is called the source; the 
other is called the drain. The connection 
to the diode junction is called the gate. 

When voltage is applied across the 
semiconductor bar from source to drain, 
current flows unrestricted through that 
bar. If we reverse- bias the gate diode, 
however, an electric field forms within the 
bar. That field reduces the effective cross- 
sectional area of the semiconductor bar by 
forcing electrons from the voltage source 
toward the center of the semiconductor 
material. The smaller cross-sectional area 
represents an increase in resistance, 
which restricts the flow of electrons. 

The strength of the field is proportional 
to the applied voltage. As the strength of 
the field increases, fewer electrons make 
their way through the tunnel, and current 
How decreases proportionally. That phe- 
nomenon is called the pinch effect: it is 
what gives the FET its amplifying proper- 
ties. As field strength increases, even- 
tually it reduces the width of the tunnel so 
much that current ceases to flow. The volt- 
age at which that occurs is called the cut- 
off or pinchoff voltage (V p ), 



o 

I 

00 

N 



71 



O 

Z 

o 

cc 
F 
o 

LLl 
_l 
LU 

Q 

Q 
< 
DC 




WHAT IS A FET? 



FIG. 2— IMPORTANT VOLTAGE AND CURRENT 
parameters of the JFET are shown here. 
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V DS - VOLTS 

FIG. 3— CHARACTERISTIC CURVES of a typical 
JFET are shown here. In general, higher values 
of V os correspond to higher values of l D . 




FIG. 4— TO MEASURE V GSS , use this set-up. 
Gradually increase current (l os ) to the point 
where further increase in current does not 
cause a corresponding increase in voltage. 



Like the bipolar transistor, the FET has 
several important voltage and current 
characteristics; they are indicated in Fig. 
2. The voltage characteristics each have 
three subscripted terms; the first two terms 
indicate the terminals between which the 
voltage is measured, and the third indi- 
cates the disposition the third terminal. 
The third term is either O (for open) or S 
(for shorted). So, for example, V^q rep- 
resents the voltage between the drain and 
the gate, with the source unconnected 
(open). 

In Fig. 2 the subscripted terms repre- 
senting current indicate the terminals 
through which that current Hows, For ex- 
ample, l DG represents the current that 
flows from drain to gate. 



THE TERM FIELD -EFFECT TRANSI5TOH IS GE- 

neric and covers several kinds of devices. 
But, basically, any semiconductor device 
whose operating characteristics are influ- 
enced by a controlled electric field 
qualifies as an FET. That generalization 
has led to the identification of three dis- 
tinct FET types, labeled A, B, and C. 



TYPE A 
DEPLETION 



*GS 



'DSS 




creasing the negative gate voltage re- 
duces l DS to a very small amount. 

The type-C FET, on the other hand, is 
an enhancement-mode transistor. As 
shown in Fig. 1-c, it requires gate voltage 
before current will flow from source to 
drain. At zero gate volts, zero drain current 
flows. 



TYPEC 

ENHANCEMENT 




The type-A FET is characterized as a 
depletion-mode transistor. As shown in 
Fig. 1-a. it operates only within the deple- 
tion-voltage section of the VI curve (quad- 
rant II). In other words, with no voltage 
applied to the gate, current is free to flow 
between source and drain, restricted only 
by the lump resistance of the device. in- 



The characteristic curves of a typical 
FET are shown in Fig. 3. Each curve 
shows how I D varies with V DS , when V GS 
is held constant. In the lower part of each 
curve, as V DS increases, I D increases pro- 
portionally. In that more-or-less linear 
portion of the curve, the FET displays its 
amplifying properties. 

As the voltage across the FET con- 
tinues to increase, the width of the deple- 
tion region (the tunnel) increases until 
further increases in V DS cause no increase 
in current, as depicted by the Hat parts of 
those curves. That area of operation is 
called the constant-current mode; it oc- 
curs when the gate-depletion field satu- 
rates the drain-to-source path. 

If V DS increases further, eventually the 
device goes into avalanche current multi- 
plication. That occurs at the breakdown 
voltage of the transistor, which is repre- 
sented by the term V !:)KS . The avalanche 
current, if allowed to continue un- 
checked, eventually would destroy the 
transistor. 

Testing JFET's 

The static parameters of the JFET are 
measured in much the same way as those 
of the bipolar transistor. Leakage current 
is measured with a milliammeter (or mi- 
croammeter) and a constant-voltage 
source. Breakdown voltages are deter- 
mined by allowing a limited amount of 
current to flow through the device in the 
avalanche mode and measuring the volt- 
age across the transistor. 

Figure 4, for example, represents the 



A type-B FET is a hybrid of the A and C 
types. It is basically a depletion-mode 
transistor with enhancement features. As 
shown in Fig. 1-fc, at zero gate volts, a 
current equal to about half the maximum 
l DS flows. A depletion voltage on the gate 
reduces l D s and a positive gate input in- 
creases it. R-E 



setup for measuring V GSS , the breakdown 
voltage of the gate-to-source junction. To 
make the measurement, apply a constant 
current to the diode junction in the reverse 
mode and measure the voltage across that 
junction. 




FIG. 5— TO MEASURE V DSB , use this set-up. 
Gradually increase current (l n ) to the point 
where further current increase does not cause a 
corresponding voltage increase. 

Note that that measurement is made 
with the drain shorted to the source. Many 
FET measurements require that several 
elements be tied together. Figure 5, for 
example, shows how to measure V DSS . 
Generally, the values of V DSS and V GSS 
are identical, because in essence the gate 
is shorted to one end or the other of the 
semiconductor substrate. 

In some cases it is necessary to apply a 
bias voltage to measure a particular pa- 
rameter. V DS , for example, is measured 
with a voltage applied to the gate. The 
voltage on the gate adds to the drain volt- 
age, and that effectively lowers the break- 
down voltage of the device. Sometimes a 
data sheet will identify that parameter as 
V DSX , where X represents the test voltage 
applied to the gate. 

foniintied on page 88 
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PC Service 



One of the most difficult tasks in build- 
ing any construction project featured in 
Radio-Electronics is making the PC 
board using just the foil pattern provided 
with the article. Well, we're doing some- 
thing about it. 

We've moved all the foil patterns to this 
new section where they're printed by 
themselves, full sized, with nothing on the 
back side of the page. What that means 



tor you is that the printed page can be 
used directly to produce PC boards! 

Note: The patterns provided can be 
used directly only for direct positive pho- 
toresist methods. 

In order to produce a board directly from 
the magazine page, remove the page and 
carefully inspect it under a strong light 
and/or on a light table. Look for breaks in 
the traces, bridges between traces, and in 



general, all the kinds of things you look for 
in the final etched board. You can clean up 
the published artwork the same way you 
clean up you own artwork. Drafting tape 
and graphic aids can fix incomplete traces 
and doughnuts, and you can use a hobby 
knife to get rid of bridges and dirt. 

An optional step, once you're satisfied 
that the artwork is clean, is to take a little 
bit of mineral oil and carefully wipe it 




FOIL PATTERN FOR THE GATED- 
SYNC descrambler described in Jan- 
uary Is shown here. 
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across the back of the artwork. That helps 
make the paper transluscent, Don't get 
any on the front side of the paper (the side 
with the pattern) because you'll con- 
taminate the sensitized surface of the 
copper blank After the oil has "dried" a 
bit — patting with a paper towel will help 
speed up the process — place the pattern 
front side down on the sensitized copper 
blank, and make the exposure. You'll 



probably have to use a longer exposure 
time than you are used to. 

We can't tell you exactly how long an 
exposure time you will need as it depends 
on many factors but. as a starting point, 
figure that there's a 50 percent increase in 
exposure time over lithographic film. But 
you'll have to experiment to find the best 
method for you. And once you find it, stick 
with it. 



Finally, we would like to hear how you 
make out using our method. Write and tell 
us of your successes, and failures, and 
what techniques work best for you. Ad- 
dress your letters to: 

Radio- Elect ronics 

Department PCB 
500-B Bi-County Blvd. 
Farmingdale, NY 11735 




USE THIS PATTERN to build a de- 
scrambler for the out band system 
used by some cable-TV systems. 
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COMPONENT SIDE of the clock 
board. See Computer Digest for 
more Information. 
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SOLDER StDE of the clock board for 
IBM PC's and compatibles. 
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Increase your knowlec^ge about all aspects of electronics 




An absolutely no-risk guarantee. 



Select 5 Books for only $2 

and get a Free Gift! 
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values 
to 

$126.7§. 








TROUBLESHOOTING 
& REPAIRING 



1977P. Troubleshooting and Repairing 
Satellite TV Systems Paper $18.95 

1503P. Maintaining and Repairing 
Videocassette Recorders Paper 515.95 

1S97P. Beginner's Guide To TV 
Repair— 3rd Edition Paper S12.95 

12 SOP. Digital Electronics Trouble- 
shooting Paper $14.95 



EXCITING 
PROJECTS 



1964P. Designing, Building and Testing 
Your Own Speaker System . . .with 
Projects — 2nd Edition Paper St 0.95 

2728. Demystifying Compact Discs' A 
Guide to Digital Audio S15.9S 

2675, Microphones— 3rd Edition — 

Covers equipment end techniques. 

S22.9S 

2655P. The Complete Shortwave 

Li starter' a Handbook— 3rd Edition 

Paper $16.95 



1672P. Electronic Design and Con- 
struction ol Alternate Energy Projects 
Paper S12.95 

15 99 P. GIANT Book ot Easy-to- Build 
Electronic Projects Paper 516.95 

1986. 25 Silicon-Controlled Rectifier 
Projects $17.95 



REFERENCE 
S THEORY 



1525. Master Handbook of Electronic 
Tables & Formulas^Hh Edition $24.95 



1370. The Master Hsndbook of IC 
Circuits $26.95 



Publisher's Prices Shown} 



Membership Benefits • Big Savings. In addition to this introductory 
offer, you keep saving substantially with members* prices of up to S0% off the 
publishers' prices. • Bonus Books. Starting immediately, you will be eligible for 
our Bonus Book Plan, with savings of up to B0% off publishers' prices. • Club 
News Bulletins. 14 times per year you wilt receive the Book Club News, describ- 
ing all the current selections— mains, alternates, extras— plus bonus offers and 
special sales, with hundreds of titles to choose from. • Automatic Order, if you 
want the Main Selection, do nothing and it witl be sent to you automatically, if 
you prefer another selection, or no book at all, simply indicate your choice on the 
reply form provided. • Ironclad No-Risk Guarantee. If not satisfied with your 
books, return them within 10 days without obligation! • Exceptional Quality. All 
books are quality publishers' editions especially selected by our Editorial Board. 



FDEE when you join 

A Handy, Pocket-Sized 
Resistor and Inductor 
Color Code Calculator 




Electrons Book Club 

P.O. Box 10, Blue Ridge Summit, PA 17214 

Please accept my membership in the Electronics Book Club and send the 5 
volumes circled below, plus my FREE Resistor & Inductor Color Code Calculator, 
billing me $2.95 plus shipping and handling charges. If not satisfied, I may return 
the books within ten days without obligation and have my membership canceled. 
I agree to purchase at least 4 books at regular Club prices (plus shipping/han- 
dling} during the next 12 months, and may resign any time thereafter. 
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remit in U.S. currency. This order subject to acceptance by Ihe Electronics Book Ctub. 
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Why Videocipher is dead 



NOW THAT VIDEOCIPHER IS BROKEN 

and plug-in IC's are available "on 
the street" to break the Vid- 
eocipher code, here are some 
words about the dangers involved 
in all of this. 

First of all, if Section 705 of the 
Cab I e Co m m u n i cati ons Act of 1984 
has any teeth at all, the sale or use 
of scramble-busting equipment or 
hardware — or even how-to infor- 
mation- — is a federal crime. Be 
warned. 

The reality is that, as this is writ- 
ten, dozens of people and firms 
are offering IC's for sale. There are 
three different approaches: 

• Cloning. In the cloning ap- 
proach, a working unit is desig- 
nated as a "master." Its unique 
electronic address is extracted and 
stored in an external EPROM. 
Then the EPROM is used to rewrite 
the address code or identification 
number on other Videocipher 
VC-2000 units. In that way, two or 
more units end up sharing the 
same electronic address. That 
means that if one person, owning 
one of those units, subscribes to 
and pays for a number of services 
such as HBO, Cinemax, CNN, 
Showtime, and Disney, all other 
units sharing the same identifica- 
tion code will also receive those 
same programs. Only the first unit 
pays for those services. 

• Musketeering. In musketeering, 
you sign up your Videocipher 2000 
for one service, typically a low- 
cost service such as CNN/CNN 
Headline News, which sells for $25 
per year. The U30 EPROM is then 
replaced with a new EPROM, like 
the one shown in Fig. 1, which is 
specially rewritten for the occa- 
sion. When the new EPROM is in- 




FIC. 1 

serted, the VC-2000 receives, fully 
descrambled, alt of the scrambled 
services. Figure 2 shows a screen 
display of a Cinemax program de- 
scrambled with a musketeer de- 
vice. So for perhaps $2 per month 
you receive $60 or more in pro- 
gramming services. 




FIG. 2 



• Clone-Tiering. Clone-tiering is a 
variation of the basic cloning and 
musketeering approaches. A unit 
is first cloned with the authoriza- 
tion number from one master box, 
and then it is enhanced with a new 
U30 IC so that it receives all of the 
services up there. In other words, 
it is the best of both worlds. 

Problems? 

Alas, there are many problems. 
Several variations of the mus- 
keteering approach are in the mar- 
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INTERESTED IN SCRAMBLING? 

Bob Cooper's CSD Magazine 
maintains a 24 hour per day Scramble- 
Fax-Hotline telephone service (305/771- 
0575) which you may call to obtain a 3- 
minute recorded update on the latest hap 
penings in the satellite scrambling world. 
Scramble-Fax Newsletter is also pub- 
lished to keep you abreast of the latest 
events in descrambling, including sources 
for descrambling chips and equipment. 
For information, write Scramble Fax, P.O. 
Box 100858, Ft. Lauderdale, FL. 33310 or 
telephone 306-771-0505, 

If you have a dish of your own, tune in 
the Caribbean Super Station (Western 5, 
transponder 23) Tuesdays at 7 PM east- 
em for a special weekly Bob Cooper re- 
port. Also tune-in Boresigfit at 9 PM 
Thursday nights (Spacenet 1, transpon- 
der 9) for a weekly one -hour report on the 
activities in the home TvRO field. 



ketplace. One group, based along 
the eastern seaboard but peddling 
their IC through a Nassau, 
Bahamas address, is selling an 
"unprotected" IC. In other words, 
a half-bright person with an 
EPROM burner can buy one of the 
IC's and then make up several doz- 
en (hundred, thousand) copies for 
the price of a bare EPROM (typ- 
ically under $4). That is happening. 

Other musketeering groups 
have taken steps to "protect" their 
IC's and have hidden the software 
routine they have created so it is 
not all present on a single IC, and 
is not directly copyable under any 
circumstances. 

Meanwhile, in the cloning 
camp, there is another argument 
going on. In the cloning process, a 
master IC carries the authorization 
information from the master to the 
clones. The first sellers of cloning 
services insisted that those who 
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wished their boxes cloned bring 
the boxes to a center (outside of 
the USA) for the cloning opera- 
tion. That slowed down commerce 
significantly. The next cloning 
groups decided that they would 
trust their customers to have con- 
trol and possession of the magic 
cloning masters. So rather than 
tell a person to bring their boards 
to the cloning center, they began 
selling cloning masters. The going 
price as we write this report is be- 
tween $4,000 and $6,000 for a clon- 
ing master. Most people buying 
these masters are then taking 
them as "cash -flow machines" and 
going out into their neigh- 
borhoods offering to clone peo- 
ple's units. The retail price to the 
consumer is around $200 to $300. 
Thus a person who pays $6,000 for 
a clone master can clone 100 units 
and spread his $6,000 cost into 100 
equal units of $60 each. When he 
collects $300 for each unit he 
clones, he collects $30,000 by 
doing 100 units. His $6,000 invest- 
ment just became $30,000, a profit 
of $24,000. As you might expect, 
business is brisk! 

Could it be stopped? 

All of this happened in 
November and December with 
lightning speed. In just a matter of 
days clone masters and mus- 
keteering techniques spread 
border to border and coast to 
coast almost overnight. The rapid 
spread of techniques and tech- 
nology caught the cable program- 
mers and scramblers totally un- 
prepared. 

Moreover, the wide distribution 
of the knowledge in such a short 
period of time made it virtually im- 
possible to locate a core of this 
information to stamp it out. There 
was a time, perhaps a two week 
window back in early November, 
when the cable-programming 
trusts could have stopped all of 
this by dealing with a half dozen or 
so people who had that special 
scramble-busting knowledge. And 
they had the opportunity to do so. 
In fact, a meeting between a high 
executive of General Instruments 
and a representative of the scram- 
ble-busting "trusf'was scheduled 
for October 19th and was in place 
until Gl attorneys got into the act 
and forced their man to withdraw 



from the meeting. 

So the cable programmers blew 
the opportunity to stop the spread 
of underground hardware and 
software, and the rest is now histo- 
ry. Ahead are the "real" solutions 
to the Videocipher system. 

The present systems are soft- 
ware oriented and take advantage 
of software programming "errors" 
that the originator of the system, 
M/A-Com, allowed to sneak into 
the system. 

The next level of solution will be 



a stand-alone descrambler box, 
not made by Gl or any authorized 
source, that will allow a TVRO 
viewer to tune in any service at 
will, from anyplace within the 
footprint of the US domestic satel- 
lites. There will be no record that 
the individual owns a descrambler 
box and he will be totally untracea- 
ble. The marketing of that "ulti- 
mate" solution is anticipated 
around June 1st of this year. 

Videocipher, for better or 
worse, is truly dead. R-E 



SEND COOP $20 





and HE WILL SEND YOU $63! 

NOPE - not a new fangled 'chain letter". *- 
TVRO pioneer Bob Cooper, Jr. has put to- 
gether the most usefuPData-pack' possible 
to bring you up to full speed on satellite 
television scrambling. It will cost you $20 to 
receive all of the following valuable infor- 
mation: 

1) YOU RECEIVE the 3 'current issues' of CSD Magazine; literally, 'the bible' of 
the home dish industry. The most complete insider look at the new equipment, 
scrambling strategies, worldwide satellite explosive growth anyplace. You re- 
ceive 3 issues starting with the now-current issue. A great introduction to TVRO! 
This is an $1 8 value. 

2) YOU RECEIVE the current plus two recent back issues of SCRAMBLE- FAX, 
the hot-news 'Newsletter - that details the rapid changes taking place in scram- 
bling, who is scrambling, how; who is working to break scrambling, their progress 
to date. This is a $30 value. 

3) YOU RECEIVE the special 180 page COMMEMORATIVE EDITION OF 
Coop's Satellite Digest, the full, unabridged history of home satellite television. 
This is the handiest, one-source reference recording the home dish industry; a 
$15 value. 

YOU RECEIVE all of the facts, all of the history, and all of the current, 
hard-to-find news about TVRO and scrambling. From Coop; the indus- 
try's most authoritative information source. Send your check or money 
order to the address below, or, with your Visa or Mastercharge card 
handy, call in yourorderto305/771 -0505 weekdays between 9 AM and 
4 PM. Join the Coop team and learn ALL the facts today! 

CSD/Coop's Satellite Digest 

P.O. Box 1 00858/Ft. Lauderdale, Ft 3331 
- Telephone 305-771-0505 - 

SCRAMBLE-FAX HOTLINE? Call 305-771 -0575 for 3 minute update NOW! 
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Psychoacoustics and Stereo Imagery 




FIG. 1 



IN MY LAST TWO COLUMNS I DIS- 

cussed the technologies and pur- 
poses of signal processors. I 
indicated that the major trouble 
areas in audio reproduction are 
noise, dynamic-range limitations, 
frequency balance, and spatial 
imaging. I covered the first three 
problems in past columns; now 



let's take a brief look at the theory 
of stereo perception and the way 
that certain products can affect 
and enhance the stereo illusion. 

Auditory localization 

The human ear/brain's ability to 
localize sound sources is impor- 
tant for at least two reasons: It en- 




LARRY KLEIN, 

AUDIO EDITOR 

abled our remote ancestors to 
determine the precise direction 
from which the saber-tooth tiger 
was coming (as a guide to the di- 
rection in which they should be 
going), and today it provides the 
ability to construct a stereo image 
psychoacoustically from two or 
more sound sources. 

There are two differences be- 
tween the sounds reaching our 
ears that we use to achieve lo- 
calization: time-of-arrival dif- 
ferences and sound-pressure- 
level differences. In addition, 
there is some evidence that fre- 
quency-response differences be- 
tween the ears due to head 
diffraction assist the localization 
process, but the present view is 
that the contribution is small, no 
matter how large the head. In gen- 
eral, differences in arrival times 
are used to localize lower-frequen- 
cy sound sources, and differences 
in level are used for the higher fre- 
quencies; the brain's crossover 
point between the two is about 
1200 Hz. 

The re '5 a good reason why your 
ear/brain mechanism uses (actu- 
ally, needs) two different cuing 
mechanisms for localization. For 
wavelengths in the mid- to high- 
frequency ranges, your head is an 
acoustic barrier that partially 
blocks the sound reaching the ear 
most distant from the sound 
source. The difference between 
the ears is about 16 dB at 5,000 Hz, 
falling to about 7 dB at 1,000 Hz. 
When the frequency is low 
enough (i. e., the wavelengths 
long enough), the head ceases to 
be an adequate baffle and essen- 
tially the same signal level is heard 
by both ears. 

However, your brain still senses 



the differences in arrival time 
(phase) between the signals reach- 
ing your two ears — which is about 
0.6 millisecond from a source lo- 
cated fully on one side of the head 
or the other — and that information 
provides the data needed for lo- 
calization. Below 200 Hz or so, 
where wavelengths are very long, 
arrival-time differences begin to 
disappear and directionality be- 
gins to be lost. That, by the way, 
explains why the sound from sub- 
woofers is non-directional. 

Unnatural stereo 

What I've just described is the 
way the ear localizes the source of 
natural sounds. Although stereo 
reproduction makes use of the 
same perceptual mechanisms to 
generate a spatial image, the pro- 
cess of stereo reproduction 
provides different and somewhat 
problematic raw material for the 
ear/brain to work with. Problems 
arise because part of the sound 
produced by each musical instru- 
ment and performer in a recording 
almost always appears in both 
channels and is reproduced by 
fwo widely spaced speakers. 

So if you hear a centered soloist, 
both right and left speakers are 
contributing in equal measure to 
the illusion. But when a vocalist or 
musical instrument appears more 
to the left or to the right, the loud- 
ness/phase differences in the two 
signals reaching your ears have 
tilted your perception in one di- 
rection or another. 

For example, when you are lis- 
tening to a well-recorded jazz 
group, each performer (plus what- 
ever reverberant hall sound might 
be captured) is represented by two 
signals, one in each channel. It 
should be obvious that stereo re- 
production is a totally artificial 
(and, as you can see, surprisingly 
complex) process that works by 
manipulating — and misleading — 
the ear's normal sound-localiza- 
tion procedures. 

Improving the image 

An appreciation of the ear/ 
brain's stereo spatial perception 
mechanism is helpful in under- 
standing the techniques used by 
the various stereo enhancers, im- 
agers, and synthesizers. Here are 
some commonly used techniques. 



• In a normal stereo recording in 
which two speakers are used to 
reproduce each performer and in- 
strument, there is a large amount 
of "inter-aural crosstalk." In other 
words, too much of the left-chan- 
nel sound intended only for the 
listener's left ear reaches his right 
ear, and vice versa. Polk's SDA 
speakers, shown in Fig. 1, and Car- 
ver's electronic "Holographic" cir- 
cuits achieve their effects by 
acoustically (Polk) or elec- 
tronically (Carver) nulling the 
sound that reaches each ear from 
the opposite, unwanted channel. 
The enhancement that results 
from that procedure has to be 
heard to be believed. The sound 
stage is no longer confined to a 
narrowly defined space between 
the right and left speakers; de- 
pending upon the program mate- 
rial, it can form an arc of almost 
180-degrees in front of the listener. 

• Some imaging devices manipu- 
late the phase of the two channels. 
Others extract the left-minus-right 
signal (which represents the dif- 
ference between the two chan- 
nels) and use it to enhance the 
"Tightness" and the "leftness" of 
each channel. That technique, 
which has been used in several re- 
ceivers, can substantially broaden 
the stereo sound stage. 

• Mono-to-stereo synthesizers 
"comb-filter" the audio spectrum 
into three or more segments (the 
more, the better), putting alter- 
nate bands in each channel, and/ 
or phase shifting each of the newly 
generated channels in opposite 
directions. Those circuits are 
found in some audio/video prod- 
ucts; their intention is to provide a 
stereo effect from mono sound 
tracks and broadcasts. 

• Several loudspeaker manufac- 
turers have rearranged the sound- 
field propagation of their products 
(by the use of acoustical and elec- 
trical delays) to offset some of the 
spatial constrictions and ar- 
tificialities introduced by normal 
stereo reproduction. AR's Magic 
Speaker and dbx's speaker sys- 
tems embody that approach. 

• Time-delay devices elec- 
tronically delay a portion of both 
right and left channel signals sepa- 
rately and feed them into strate- 
gically placed rear speakers as a 
means of emulating the acoustic 



time delays found in large concert 
halls. 

I've probably neglected a few 
special techniques during my 
once-over-lightly treatment, but 
my purpose was to remove some 
of the technical mystery from the 
various products, not to create a 
catalog. 

Four-channel revisited 

A new breed of audio processor 
has come into prominence re- 
cently. To the audio old-timers 
among us, they may seem some- 
what reminiscent of the quad de- 
coders of the early seventies. To 
distinguish the new products from 
their multichannel predecessors, 
these new products are referred to 
as Sound Field or Surround Sound 
Processors, Home Theatre Sound 
Systems, or simply Dolby Sur- 
round Decoders. The processing 
in the more complex units is done 
mostly by digital means. We'll look 
at those units next month along 
with some of the reasons why ste- 
reo doesn't work right. R-E 
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A DTMF receiver 



EVERY ONCE IN A WHILE A SEMtCON- 

ductor manufacturer comes up 
with some special-purpose device 
that really goes a long way in sim- 
plifying circuitry. If you're a reg- 
ular reader of this column, you 
should know that I like to use as 
many standard parts as possible in 
a first-time design. It makes things 
easier to troubleshoot, under- 
stand, and modify. Dedicated IC's, 
however, can come in really handy, 
and some of them are so useful 
that you eventually start thinking 
about them as standard parts. 
Now that we're ready to talk about 
the receiver half of our remote- 
control system, you'll see why it's 
smart to go for a dedicated IC. 

Figure 1 is the block diagram of 
the receiver. The front end of the 
system is an IR detector and ampli- 
fier. Putting one of those together 
is the kind of straightforward de- 
sign problem we've gone over in 
the past; when we get into the ac- 
tual circuitry, you'll have no trou- 
ble at all understanding how it 
works. Things get a bit more com- 
plicated when we get into the de- 
modulator. As you will soon see, a 
dedicated IC is going to come in 
handy there. But first, let's get the 
front end out of the way; then we 
can go on to the more interesting 
stuff. 

The front end 
You don't need a lot of parts to 
g put together an IR receiver. In fact, 
z the most important consideration 
£■ in the circuit is the choice of op- 
rj amp, since it will have an effect on 
!j the type of power supply you will 
^ need. I'm using a 741 since they're 
5 cheap and available. Also, al- 
ee though the 741 is much happier 
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with a bipolar supply, if you can 
live with some compromises in 
performance, you can power it 
with just a positive supply. For our 
application, the slight degradation 
in performance can be ignored. 

The schematic of our sensor/am- 
plifier circuit is shown in Fig. 2. 
Photodetector Q1 is sensitive to 
both infrared and visible light. 
Since we want the circuit to re- 
spond only to IR signals, the first 
thing to do is to cover Q1 with a 
good IR filter. 

There are lots of photographic 
filters that can do the job but 
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they're all fairly expensive. A good 
substitute is a piece of developed, 
unexposed Kodachrome (not Ek- 
tachrome) film. When you have 
your photographic slides de- 
veloped, the end of the roll of film 
is sent back from the processor 
along with the slides. That will do 
the job fine. Put the receiver cir- 



cuitry in a light-tight box, cut a 
small window for the filter, and 
you're in business. 

The output of phototransistor 
Q1 is decoupled by CI and fed to 
the base of Q2, a one transistor 
preampwith a lot of gain. The actu- 
al amount of gain is set by R2; the 
smaller the resistor value the 
smaller the gain. A value of 470K 
will give you more than enough 
gain for the circuit, but you can 
experiment with different values if 
you want to change the circuit's 
characteristics. Since there are 
wide differences in phototran- 
sistor output levels, you may want 
to adjust the gain of the preamp. 
The 741 is a non-inverting amplifier 
that beefs up the level of the sig- 
nal. You should test that part of the 
circuit as soon as you finish assem- 
bling it. Just connect a scope, logic 
probe, or even a simple LED to the 
output of 1C1 and signal the detec- 
tor with your transmitter. You 
should get a nice hefty signal at pin 
6 of IC1. 

The demodulator 

Now that we've detected the 
DTMF tones from the transmitter 
and have them available at a de- 
cent level we can move on to the 
next part of the receiver, the de- 
modulator. The signal from the 741 
is the combination of the high- and 
low-group tones we generated at 
the transmitter. Before we can de- 
code the key that was pressed, we 



82 



have to separate the high and low 
groups. Doing that used to be a 
pain in the neck since the only way 
to reliably split the two groups was 
to use either a tone decoder, such 
as an LM567, or specially made ce- 
ramic filters. The former was fairly 
cheap but complex, and the latter 
was simple but expensive. In any 
event, both approaches produced 
temperamental circuitry. You had 
to keep an eye out for temperature 
drift, voltage fluctuation, compo- 
nent aging, and other things that 
can take the fun out of circuit de- 
sign. 

In the last few years, manufac- 
turers have been offering dedi- 
cated IC's that have taken the pain 
out of DTMF decoding. AMI, for 
instance, offers the S3525A, a 
CMOS IC that does the whole job 
in just one 18-pin package. 

A block diagram of the S3525A is 
shown in Fig. 3. As you can see, 
there's a lot going on in that IC. If 
you are planning to do any serious 
work with that device, I suggest 
you obtain the complete data 
sheet. 
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erence is brought out to one of the 
pins. We're going to be using the 
IC in one of it's simplest configura- 
tions, but it is capable of a lot 
more. If you wind up doing a lot of 
DTMF work, that IC will be useful 
in keypad and transmitter circuits 
as well. 

Pins 11, 12, and 13 are all related 
to the IC's input op-amp and we've 
set it up as a non-inverting amp. 
The 25K potentiometer in the feed- 
back loop is used to set the gain. 
When the receiver is built and 
working, you'll use that control to 
avoid overdriving the filtering cir- 
cuits inside the S3525A. Both R2 
and R4 can be adjusted as well if 
you run into a situation where 
there's just too much gain. As soon 
as we connect the crystal and a 10 
megohm resistor across the os- 
cillator pins (pins 16 and 17), we've 
taken care of the clock. As you can 
see from Fig. 3, the IC has internal 
dividers to produce the tones it 
needs to drive the various filters; 
you just connect the crystal and 
leave the rest of the work to the IC. 

The high and low groups first 
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Among the goodies in the IC are 
an uncommitted CMOS op-amp, 
analog and digital tone gener- 
ators, and a buffered clock output 
so you can drive the decoder IC 
and the S3525A with only one crys- 
tal. Both high-group and low- 
group outputs are fully adjustable 
and the chip's internal ground ref- 



appear at pins 15 and 14 as analog 
signals. That's fine for some ap- 
plications, but we're going to be 
using a decoder that wants to see a 
digital input so we have to make 
use of the two comparators on 
board the IC to square up the ana- 
log outputs. All we have to do is 
capacittvely couple the analog out- 



puts to those comparators and use 
a couple of resistors to set their 
gain. The outputs of the two com- 
parators {pins 7 and 8) contain the 
low and high group tones respec- 
tively in digital form. All that's 
needed to finish off this part of the 
circuit is to connect the com- 
parator outputs to a decoder that 
will translate the tones back to bin- 
ary. 

If you're really up on the current 
state of dedicated DTMF IC's, 
you'll already know that there are 
devices that take the S3525A one 
step further and also convert the 
high-group/low-group informa- 
tion to binary, BCD, or even 2 of 8. 
Unfortunately those IC's are a bit 
more expensive to buy and harder 
to find. The S3525A is fairly easy to 
get and can be interfaced to any 
standard DTMF decoder IC. You 
also get a bit more flexibility using 
a two-lC design. 

Once again, though, it's really a 
matter of taking a good look at 
your application and deciding 
which route is the best one for you 
to follow. It simplifies the board 
design if you do as much as you 
can in a single IC, but the price you 
pay for simplicity is the lack of flex- 
ibility. For our purposes, there's 
more to learn by using a two-IC 
set, so that's what we're doing. 
When we get together again next 
month, we'll connect the decoder 
to the circuit and add a digital dis- 
play so that we can check the key 
presses made at the transmitter. 
Admittedly it's not the most imag- 
inative use for that type of circuit 
but, never fear, we'll come up with 
a few surprises as well. R-E 
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Temperature transducer 



THE MOST COMMONLY USED TEM- 

perature sensors and transducers 
include thermocouples, ther- 
mistors, temperature-dependent 
resistors, and biased diodes. The 
AD592 precision temperature 
transducer from Analog Devices 
provides output current that is 
proportional to absolute tem- 
perature; the 1C is an ideal re- 
placement or substitute for the 
types of transducers mentioned 
above. It is a two-terminal device 
that acts as a high-impedance tem- 
perature-dependent current 
source that yields 1 |xA per degree 
Ke I vi n . 1 1 can ope rate from 4- to 30- 
volts DC. 

The transducer can be used over 
a temperature range of — 25°C to 
-t-15Q°C with typical calibration er- 
rorof2.0°Cat25°C. Overthe0°Cto 
+ 70°C range, calibration error is 
1.5°C. Typical applications include 
temperature measurement and 
control in automotive, home, and 
industrial environments, HVAC 
(Heating, Ventilating, and Air 
Conditioning) system monitoring, 
and temperature correction in pre- 
cision electronics. A low parts- 
count per application makes the 
AD592 a cost-effective device be- 
cause expensive linearization cir- 
cuitry, precision voltage refer- 
ences, and cold-junction compen- 
sation are not required. 

The design and operation of the 
AD592 temperature transducer 
comes from basic silicon transistor 
theory: When two identical silicon 
transistors are operated so that 
there is a constant ratio between 
their collector currents, the dif- 
ferences in their base-emitter volt- 
ages will be directly proportional 
to absolute temperature. 
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Fig. 1 

In the AD592, the difference 
voltage is converted to a current 
that is proportional to absolute 
temperature by on-chip, low-tem- 
perature-coeffictent thin-film re- 
sistors. The output current, when 
properly scaled, is equal to the ab- 
solute temperature (in degrees 
Kelvin) of the transducer. 

During production, the on-lC 
scaling resistors are laser-trimmed 
to provide the 1 |i.A/°K output with 
supply voltages ranging between 
+ 3 and +30 volts. The output cur- 
rent ranges from 248 llA at -25°C, 
to 298 llA at + 25°C, to 378 jiA at 
+ 105°C. 

The transducer is packaged in a 
plastic TO-92 case and is available 
in three performance grades with 
maximum calibration errors rang- 
ing from 0,5°C to 2.5°C. 

Figure 1 shows the basic circuit 
for using the AD592. Variable re- 
sistor R1 must be adjusted for the 
desired scale factor. To trim the cir- 
cuit, a precisely known tem- 
perature must be measured by the 
transducer and the resistor ad- 
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justed for the desired output 
scale. For example, with the 
AD592 transducer at 0°C, adjust R1 
so that V our = 0. Doing so nulls 
the initial calibration error and 
shifts the output units from Kelvin 
to Celsius. 

By using an op-amp, scale factor 
and calibration errors can be elimi- 
nated; consult the manufacturer's 
data sheet for the circuit. Another 
circuit shown in the data sheet al- 
lows output to be scaled in either 
degrees Celsius or Fahrenheit. The 
circuit uses an op-amp, and allows 
for easier calibration. 

Further technical information 
on the AD592, and applications 
covering remote temperature mul- 
tiplexing, a variable thermostat, 
and temperature-to-digital output 
can be found in the data sheet and 
in the 1986 Data Acquisition 
Databook Update and Selection 
Guide. Contact an Analog Devices 
sales office in your area or write to 
Analog Devices, P. O. Box 280, Nor- 
wood, MA 20262. 

Bridge motor driver 

Sprague's new UDN-2998W, 
shown in Fig. 2, is a dual full- 
bridge motor driver that interfaces 
low-level logic to solenoids, 
brushless-DC and stepper motors. 
It can operate 50-volt inductive 
loads with continuous currents as 
high as two amps per bridge, and it 
can supply peak (start-up) current 
of as much as three amps per 
bridge. Control inputs are com- 
patible with TTL, DTL, and five-volt 
CMOS logic. 

The new device differs from sim- 
ilar motor drivers in several re- 
spects: 
• Eight power diodes (four per 
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bridge) are included per IC. Those 
diodes, which are essential in 
motor-drive applications, are not 
provided on-IC by most other driv- 
er manufacturers. 

• The 12-pin single-in-line power- 
tab package can dissipate 5.2 watts 
at +25°C — nearly 50% more than 
the 3.5 watts competitive devices 
can dissipate, 

• An internal regulator allows op- 
eration from a single voltage 
power supply. Similar devices re- 
quire an additional 5-volt supply. 

• An internally generated turn-on 
delay prevents power-consuming, 
heat-producing crossover currents 
that would otherwise develop 
when switching phase (changing 
current direction). 

Protection features include ther- 
mal-shutdown circuitry, crossover- 
current delays, and flyback and 
ground-damp diodes. For PWM 
(Pulse Wdth Modulation) control, 
an output enable pin is provided 
for each bridge. Sink-driver emit- 
ters pins are brought out for con- 
nection to external current-sens- 
ing resistors. 

The UDN-2998W costs $4.16 
each in 100-piece lots. For detailed 
information, request Data Sheet 
29319.6 from Technical Literature 
Service, Sprague Electric Co., 4 
Hampden Road, P. O. Box 9102, 
Mansfield, MA 02048-9102 

Quad auto-zero op-amp 

Teledyne Semiconductor's new 
TSC914 is the first complete chop- 
per-stabilized monolithic quad 
op-amp. Chopper-stabilized auto- 
zero amplifiers offer low offset 
voltage and drift by periodically 
sampling offset error, storing a cor- 
rection voltage on a capacitor, and 
using that voltage to compensate 
for offset voltage and drift. 

Earlier chopper-stabilized am- 
plifiers have been packaged one to 
an IC, and earlier quad packages 
have been bipolar or low-perfor- 
mance CMOS types, neither of 
which can take advantage of chop- 
per technology. 

Unlike earlier chopper-sta- 
bilized op-amps, the TSC914's ar- 
chitecture makes possible the use 
of storage capacitors small enough 
to be included in the IC. The ad- 
vanced chopper circuitry nulls off- 
set voltage over time and and with 
variations in temperature. Offset 



voltage is 15 |j.V maximum, drift is 
held to 0.15 |xV/°C, and supply cur- 
rent is 850 n-A maximum. Offset 
voltage is five times lower than the 
typical quad op-amp; offset volt- 
age drift is eight times lower. 

The TSC914's pinout matches 
that of the LM324. It is a drop-in 
replacement for the LM348, the 
OP-11, and the TL274, with ± 5-volt 
operation. The TSC914 is available 
in two performance and two pack- 
age versions. For more informa- 
tion, contact Teledyne Semiconduc- 
tor, 1300 Terra Bella Ave., Mountain 
View, CA 94039-7267. 

New transistors 

The 2N7056 and 2N7059, shown 
in Fig. 3, are the first in a new se- 
ries of transistors from Siliconix 
that utilize the company's 
MOSPOWER-6 technology in the 
electrically isolated TO-218 pack- 
age. Those ISOWATT218 devices 
provide 4000-volt isolation be- 
tween internal electrical points 
and the heatsink or other mount- 
ing surface. 

The new devices are produced 
jointly by Siliconix and SCS Semi- 
conductor and will be offered in- 
dependently by both firms. 

The 2 N 7059 has a 500-volt break- 
down rating, maximum continu- 
ous current rating of 8 amps, and a 
maximum on resistance of 0.45 
ohm. The 2N7056 is similarly rated 
at 200 volts, 19 amps, and 0.1 ohm. 
Each can dissipate 75 watts contin- 
uously without derating. The tran- 
sistors cost $3.95 each in 10,000- 
piece lots, and $5.00 each in lots of 
1000. 

For additional information on 
those devices, contact Siliconix 
Inc., 2201 Laurelwood Rd., Santa 
Clara, CA 95054. 

Reference guide 

Data Converters and Voltage 
References is a new short-form 
brochure outlining Ferranti Semi- 
conductor's wide range of A/D and 
D/A converters, along with its line 
of precision voltage references. 
The 10-page guide gives key pa- 
rameters for the company's A/D 
and D/A converters, digital volt- 
meters, and fixed voltage refer- 
ences. Send requests for the 
brochure to Ferranti Semiconduc- 
tors, 87 Modular Ave., Commack, 
NY 11725. R-E 
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The International Society Of Certified 
Electronics Technicians offers permanent 
certification by administering the CET 
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ANTIQUE 

Radios 



Inventors and inventions 



MANY MEN HAVE CONTRIBUTED Di- 
rectly to the advancement of ra- 
dio. Some, like Edison and 
Marconi, are well-known, even by 
the general public; others, like 
Tesla and de Forest, are known 
mostly in the the technical com- 
munity. Still others are almost to- 
tally unknown, yet they left their 
indelible marks on radio. Amos E. 
Dolbear is one such person. 

Antique of the month 

Professor Dolbear (1837-1916) 
was born in Norwich, CT; he was 
involved in many fields of physics, 
and he wrote books on many of 
them. In the year 1882 Professor 
Dolbear demonstrated a wireless 
telephone system in London. A re- 
production of his system is shown 
in Fig. 1; the transmitter is shown 
in Fig. 1-a, the receiver in Fig. 1-b. 

In the transmitter, a battery is 
connected in series with a carbon 
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FIG. 1 



mouthpiece and the primary 
winding of a coil. The secondary of 
the coil is connected to an antenna 
and to ground. In operation, the 



diaphragm of the mouthpiece vi- 
brates when you speak into it, and 
that causes changes in the resis- 
tance of the carbon, which there- 
by varies the current flowing 
through the coil. That current vari- 
ation is passed on the transmitting 
antenna and then is picked up by 
the receiving antenna, which is 
connected to one side of the re- 
ceiver. The other side of the re- 
ceiver is grounded. 

It's interesting to note that Pro- 
fessor Dolbear tried several 
schemes to increase transmission 
range. For example, he attached 
the antenna wires to kites, and 
also tried various schemes using 
pre-charged condensers (capaci- 
tors) raised to great heights. 

Marconi 

In the late 1800's a young man 
from Bologna, Italy was already at 
work in a little shack on the South- 
west tip of England (in Cornwall). 
Guglielmo Marchese Marconi 
(1874-1937) was working on short- 
distance propagation. 

In one early experiment, a 
group of experimenters including 
Marconi worked with a coherer 
tube (which we'll discuss momen- 
tarily). It was hoped that transmit- 
ters in Poldhu and Gibralter would 
excite the coherer. When trans- 
mission began, lo and behold — 
the coherer responded. After 
some adjustment, it responded 
strongly. It was Gibralter calling, 
and Marconi answered personally. 

Of course, that was not the end 
of Marconi's career. Another emo- 
tional event happened on De- 
cember 11, 1901, at Signal Hill, 
Newfoundland. A tall antenna 
stood atop the castle at Cabot tow- 
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er there; Marconi used that anten- 
na to receive the first trans-Atlantic 
wireless telegraph message from 
Cornwall, England. By 1907 Mar- 
coni had established the trans-At- 
lantic wireless telegraph service 
for public use between the United 
States and the United Kingdom. 

Marconi continued experiment- 
ing with wireless right into the 
1930's. He received many awards 
and much recognition for his 
work, including a shared Nobel 
prize for physics in 1909. 

He was successful because, 
among other things, he started at 
an early age and had adequate 
funding. His well-equipped yacht, 
Elettra (a former British mine 
sweeper), gave him a place to con- 
duct many experiments. Part of 
the Etettra is preserved at an Italian 
museum near where Marconi 
lived. After he died in 1937, the 
yacht was sold and made some his- 
tory of its own. Long before that, 
however, while anchored off 
Civitavecchia, Italy, the yacht was 
almost lost to a fire. Fortunately, 
the fire was in the engine room 
and not in the radio lab. 

Marconi's floating lab had been 
the setting for many historic radio 
experiments, including early 
shortwave conversations from the 
Mediterranean to America and 
Australia. The yacht also figured in 
experimental wireless "beam" 
transmission, a system that con- 
centrates radiated electricity in the 
form of a strong directional beam. 

The coherer 

In Marconi's wireless, the re- 
ceived electrical waves pass 
through a glass vial containing 
metal filings. The filings cling (or 



86 



cohere) to the inner plugs in the 
vial, thereby creating a path 
through which current can flow. A 
representation of the coherer ap- 
pears in Fig. 2. 

Marconi did not invent the co- 
herer; a man named Branley did. 
Branley found that certain com- 
binations of metallic flakes were 
affected by radio waves. Experi- 
ments showed that different com- 
binations of flakes produce dif- 
ferent resistances. After the wave 
passes, the coherer particles must 
be separated by jarring the tube. 

Edison 

Thomas Alva Edison (1847-1931) 
was a tireless and versatile inven- 
tor. He was born in Milan, Ohio, 
and spent his childhood years 
playing with a chemistry set. There 
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seemed to be no end to his discov- 
eries. Many of us in radio connect 
Edison with the "Edison effect," 
which was discovered in 1883 in 
conjunction with his work on the 
incandescent lamp. 

The Edison effect describes 
what happens inside a charged 
glass bulb. Edison noted that car- 
bon particles moved toward the 
positive end; later it was under- 
stood that electrons were being 
emitted by the heated filament. 

One of the ironies of history is 
that when Edison discovered his 
effect, there was no thought that it 
might make something useful- 
such asadiode, which Fleming did 
not invent until some twenty years 
had passed. According to some 
authorities, Edison himself sent in- 
formation about the effect to vari- 
ous experimenters who might 
want to work with it. That explains 
why working on the Edison effect 
was so popular. 

Besides Edison's obvious ac- 
complishments (including the in- 
candescent light bulb and multi- 
plex telegraphy), one pet project 
consumed much of his time: the 
phonograph. The book From Tin 



Foil to Stereo by Oliver Read and 
Walter Welch, published by 
Howard W. Sams, documents 
many interesting facets of the his- 
tory of the phonograph. 

Tesla 

Like Edison, many early inven- 
tors worked with electricity, but 
were not involved with wireless. 
Yugoslavian-born experimenter 
Nikola Tesla (1856-1943) was one 
such inventor. Tesla emigrated to 
the U. S. at the age of 28, after 
being educated in Paris and 
Prague, and working in Hungary. 

Tesla went to work for Edison in 
Edison's New Jersey laboratory; 
later Tesla opened his own lab. He 
is credited with many electrical in- 
ventions, especially those related 
to AC power distribution. His most 
famous invention, probably, is the 
Tesla Coil, an air-core transformer 
used to create very high voltages. 
ButTeslawas also one of thefirstto 
recognize how important the 
tuned circuit is for long-distance 
radio transmission, 

De Forest 

Another American inventor, Lee 
de Forest (1873-1961), was born in 
Council Bluffs, Iowa. De Forest 
was educated at Yale University, 
and fought in the Spanish-Amer- 
ican war. Like Edison, he was an- 
other tireless inventor. He ob- 
tained more than 300 patents, the 
most famous of which is the au- 
dion, the first amplifying vacuum 
tube. In early experiments, de For- 
est used a gas flame to heat the 
tube so that electrons would be 
emitted. He was also first to broad- 
cast phonograph records over the 
wireless in 1907. 

In 1906 de Forest discovered that 
an element placed between the 
cathode and the plate of a tube 
could be used to control electron 
flow. The grid (so-called because it 
resembled a stove grid) was the 
link between the crude communi- 
cations that preceded it and our 
modern systems. Early solid grids 
trapped all of the electrons going 
to the plate; de Forest's idea was to 
use a fine wire mesh. On De- 
cember 30, 1915, a practical triode 
was demonstrated. A government 
radio station in Arlington, Virginia 
sent telephone messages via the 
airwaves to Hawaii and France. R-E 
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It is also simple lo make a speaker 
using the film. Use a cardboard mailing 
tube as a form. Wrap the tube in a layer of 
lightweight foam. Then wrap the film 
around the tube/foam. Secure the ends of 
the film with ordinary cellophane tape. Be 
sute not to overlap the ends of the film or 
you will short out your "speaker." Con- 
nect the film to a signal source and listen. 
What you will hear is the higher audio 
frequencies of the signal. 

The film will also respond, of course, 
to direct mechanical pressure. That means 
that the film can be used for applications 
ranging from a simple touch plate to im- 
pact monitors to tactile sensors for robots 
(R-E Robot builders take note!). PVDF 
can withstand impacts of up to several 
hundred G's without losing its 
piezoelectric characteristics. 

The circuit in Fig. 3 shows how the film 
could be used in a touch-plate circuit. 
Tapping the film will cause the LED to 
light. For best results, mount the film in 
such a way that there is sufficient clear- 
ance for the film to flex. Perhaps the best 
approach would be to mount the film on a 
pair of W-inch plastic spacers using ordi- 
nary contact cement. 

As mentioned, in addition to its 
piezoelectric properties, PVDF is also 
pyroelectric. If the temperature of the film 
is raised, a voltage is produced. As the 
film cools, voltage reduces linearly. Note 
that at temperatures greater than 50°C, the 
pyroelectric activity is permanently re- 
duced. At temperatures greater than 
120°C, the film's piezoelectric properties 
are permanently impaired. 

To demonstrate the film's pyroelectric 
properties, connect the film directly to the 
input of a high-impedance voltmeter or 
oscilloscope. Breathe on the film, and 
watch the response. For a more dramatic 
response, try shinning a desk lamp on the 
film, or waving a lit cigarette in front of 
the film. PVDF is so sensitive that ii can 
be used to detect the body heat of a person 
from as far as 50 feet away. 

Applications 

PVDF applications under investigation 
or showing potential include: 

• a disposable blood-pressure cuff 

• tone generators 

• acoustical pickups for musical instru- 
ments 

• engine noise/vibration sensors 

• intrusion-detection systems 

• signature-verification systems 

• fluid-flow monitors 

• and many, many others 

Other applications are sure to be de- 
veloped because PVDF film's use is lim- 
ited only by human imagination, R-E 
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The MOSFET 

Developed after the FET, the MOSFET 
operates somewhat differently. Figure 6 
shows the construction of an N-channel 
MOSFET. Fabrication begins with a slab 
of high -resistance P-type substrate. Two 
separate low-resistance N-type regions, 
called wells, are diffused into the sub- 
strate. Those islands represent the source 
and the drain. Next, a thin, high-resis- 
tance N-type region is created between the 
two wells, 

Then a very thin layer of insulating met- 
al oxide is deposited over the N channel 
separating the source and drain. On top of 
that layer is placed a metal contact, which 
becomes the gate of the transistor. Con- 
nections are then made to the drain and 
the source. 

In operation, current flows between the 
source and the drain through the N chan- 
nel. By applying a voltage to the gate, 
however, an electric field is created; it 
forces electrons to travel through the nar- 
row part of the channel . As with the JFET, 
the field decreases the cross-sectional area 
of the path and increases its apparent re- 
sistance. That resistance decreases cur- 
rent How in a manner that is proportional 
to the gate voltage. As gate voltage in- 
creases, eventually the electric field pre- 
vents the flow of electons altogether. 

That description applies to the deple- 
tion-mode MOSFET. However, if we re- 
place the N channel with a high-resistance 
P-type semiconductor, we have an enhan- 
cement-mode MOSFET The enhance- 
ment MOSFET requires an electric field 
in its channel before it can conduct cur- 
rent. The stronger the enhancement field, 
the larger the path's cross -sectional area, 
and the lower its effective resistance. 

MOSFET testing 

Althought they are similar in many 
ways, a MOSFET cannot be treated like a 
I FET. In addition, not all tests performed 
on the JFET are applicable to the 
MOSFET. 
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FIG. 7— MEASURE l GSS OF A MOSFET only it It 
has protective input diodes! 



Gate breakdown voltage (V GSS ), for ex- 
ample, is not a measurable quantity. Trie 
breakdown voltage of a MOSFET gate is 
determined by the thickness and the purity 
of the insulating layer. The thicker the 
layer, the more voltage it can withstand. 

To properly measure a MOSFET's 
V GSS , you must apply a gradually in- 
creasing gate voltage until the insulator 
fails. Unfortunately, when it does, the 
transistor becomes useless. 



Manufacturers "measure" V r 



by 



METAL 
OXIDE 

FIG, 6— MOSFET CONSTRUCTION is shown 
here. The oxide layer is usually silicon dioxide. 



measuring the thickness of the insulating 
layer with sophisticated equipment, and 
then comparing the results to empirically 
derived failure curves. Tests of that type, 
however, are beyond the means of the ex- 
perimenter. 

Many MOSFETs, though, contain a 
diode in the gate junction that is intended 
to dissipate high-voltage spikes caused by 
static discharge. Those spikes could 
damage the transistor easily. The break- 
down voltage of the protection diode is 
just below that of the gate. 

So, if you are testing a protected-input 
MOSFET, you can measure V oss without 
damaging the transistor by simply apply- 
ing enough voltage across the gate to force 
the diode into avalanche. Be sure to limit 
the current flow with a constant-current 
source so as not to destroy the protection 
diode. Now measure the voltage across 
the diode; it is close to the actual V GSS . 

Leakage current 

Each breakdown-voltage parameter has 
a related leakage-current parameter. For 
example, I GSS (Gate-to-Source leakage 
current with drain and source Shorted) is 
the term for input leakage of a FET; it is 
related to V oss . 

Gate leakage is a very important 
characteristic of an FET because it is in- 
versely related to input resistance. When 
leakage current is high, input resistance is 
low, and when input current is low, input 
resistance is high. 

In many cases, you can measure leak- 
age current with equipment similar to that 
used with bipolar transistors. A test cir- 
cuit for measuring I css , for instance, is 
shown in Fig. 7. I GSS is normally mea- 
sured at the V DSS potential listed on the 
data sheet. 

When measuring the I oss of a 

MOSFET, the measurement should be 

continued on page 92 
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BOOSTER FOR SCANNER 
I have two scanners and an all- 
band scanner antenna mounted 
about 75 feet above ground. I 
monitor local fire-department trans- 
missions on 153.83 and 154.43 MHz. 
I have trouble receiving the trans- 
missions from mobile units. Do you 
know of an appropriate booster? — P. 
K., Detroit, Ml. 

An inexpensive TV booster 
should work nicely. We recom- 
mend an inexpensive one, be- 
cause some deluxe models have 
built-in traps and filters to elimi- 
nate all signals except those at TV 
frequencies. I have a bottom-of- 
the-line mast- mounted TV booster 
that works fine with my scanner. 
Don't expect 100% reception all 
the time; there will be times when 
a mobile unit may be in a dead 
spot, A booster that delivers 10 dB 
of gain and covers TV channels 2 
through 13, FM, and mid- and 
superband cable channels is avail- 
able for about $10. R-E 
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FIG. 13 — CRT AND CHART-RECORDER outputs of the test assembly shown in Fig, 12 are illustrated 
hero. Only the 1 50-foot section was measured; 1502 outputs are shown at a and 6, and 1503 outputs at c 
and d. 
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FIG. 14— AFTER CONNECTING THE 1000-FOOT TEST SECTION, Outputs were again recorded. 
before, 1502 outputs are shown at a and o, and 1503 outputs at c and d. 
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useful for measuring the signature of an 
antenna and its components. That type of 
comparison provides a quick yet accurate 
go/no-go indication. 

Figure 10 shows an L-band aircraft an- 
tenna, and Fig. 1 1 shows its signature. The 
signature will vary depending on the 
length of the cable used, so the same 
length of cable should be used when test- 
ing a group of antennas. Remember that 
pulse risetirne decreases on a long cable as 
a function of the length squared. Gener- 
ally, it is best to use as short a cable as 
possible when using a TDR to test an 
antenna. If the antenna is to be tested with 
a cable in excess of 100 feet, or if the 
antenna resides in a strong RF environ- 
ment, then a high-noise-immunity TDR 
(like the 1503) would be a good choice. 
Use of an isolation network will improve 
noise immunity further. 

TDR coax signatures 

Figure 12 shows a cable assembly com- 
posed of a 150-foot section of 50-ohm 
RG5SC/U cable connected to a 1000-foot 
section of 75-ohm Belden 8281. An abra- 
sion is present at point A, a 50/75-ohm 
interface at point B, and a connector at 
point C. The assembly ends at point D; it 
is not terminated. 



First we disconnected the 150-foot sec- 
tion of RG58C/U and measured it with a 
1502 mA& 1503. 

Figure 13-a shows a reproduction of the 
!502's CRT, and Fig. 13-6 shows the 
chart -recorder output. Note that the CRT 
trace shows little more than the general 
upward slope recorded by the chart re- 
corder, which itself clearly displays both 
the abrasion at point A and the open cir- 
cuit at point B. Figures 13-cand 13-</ show 
the same setup as recorded by the J 503. 
Note that the chart recorder in effect gives 
a much-expanded view of the X axis, for 
better resolution. 

Next, we reconnected point B (in Fig. 
12) and readjusted both TDR's to view the 
signature at point D. Note how the curves 
shown in each section of Fig. 14 resemble 
each other closely in their depiction of the 
discontinuity at point D. 

Conclusion 

Time-domain reflectometry is a valu- 
able technique, one that can significantly 
decrease the amount of time spent trou- 
bleshooting various types of faults in 
coax, twisted-pair, and other cables. We 
hope that this article has given you an 
understanding of the basic principles in- 
volved. R-E 
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done in both the forward and the reverse 
directions, unless a protection diode is 
incorporated into the device. MOSFET's 
that have no protection diode should read 
the same in both directions. Because the 
insulating properties of the metal-oxide 
coating are far superior to those of a re- 
verse-biased junction, the value of I GSS in 
a MOSFET is considerably less than that 
of an FET. 

Another current parameter often spec- 
ified for FET's and MOSFET's is l D ^, 
the drain-to-source leakage current with 
the gate shorted to the source. That test is 
often used to determine the amount of 
current flow in the constant-current mode. 




FIG. 8— MEASURE l DSS by applying the man- 
ufacturer's stated value of V DSS and reading the 
milli-ammeter. 




FIG. 9— MEASURE V p by gradually increasing 
the gate voltage while monitoring l D . When cur- 
rent stops increasing, V p has been reached. 



The circuit for measuring I DSS is shown 
in Fig. 8. The drain voltage is maintained 
at the V DSS value listed on the data sheet; 
then current is measured. 

A circuit that combines both voltage 
and current measurements is shown in 
Fig, 9; that circuit is used to measure Vp. 
With no voltage on the gate, a normal 
depletion-mode transistor conducts cur- 
rent from source to drain. In order to halt 
that flow, a voltage must be applied to the 
gate. As stated earlier, the point at which 
source- to- drain current ceases to flow is 
called the pinchoff voltage. Sometimes 
you see that value listed as the cut-off 
voltage, which is a lingering term from 
our vacuum-tube past. 

To measure Vp, gate voltage is gradu- 
ally increased while drain current is 
monitored . When a change in gate voltage 
no longer produces a change in drain cur- 
rent, pinchoff voltage has been achieved. 
Ideally, current will drop to zero, but 
continued on page 124 
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Welcome to the Editor's Workbench. In 
case you haven't noticed, Computer- 
Digest is charging. How? We're going to 
be following the PC market much closer 
than we have been. We're going to review 
the latest hardware and software. And 
we're going to provide excitins articles on 
both construction and theory We have a 
bias — IBM and CP/M systems — but if you're 
interested in others, let us know. When we 
find significant interest in a product or top- 
ic, we'll get on the manufacturers and au- 
thors for samples and articles. And don't 
worry — were not abandoning C-64's, 
ZX-81 s, etc. We'll publish quality articles on 
those computers, too. 

This month in our Hardware section 
we're going to look at several excellent ex- 
pansion boards for the IBM-PC. In the Soft- 
ware section, we'll examine the PC-SIG 
library on CD-ROM (which contains the 
equivalent of more than 600 floppy disks!). 
And be sure to take a look at the Etc. sec- 
tion — Zenith has an interesting new com- 
puter. And there's a Hayes-compatible 
modem that runs on a nine-volt battery and 
is smaller than a pack of playing cards 




MEMORY-EXPANSION AND MORE 

FROM ORCHID, APPARAT, AND 

VERICOMP 

It wasn 't long ago — perhaps two years — 
that a "fully-loaded" expansion board (with 
a serial port, a parallel port, a game adapter, 
a battery-powered clock/calendar, and as 
much as 384K of RAM) cost half a kilobuck, 
or more. These days, for the same cash 



outlay or less, you can set multi-function 
expansion cards that provide all the above, 
plus "productivity software," plus a mega- 
byte or two of RAM. 

More than a megabyte? How can an 8088 
access that much memory? Besides, MS- 
DOS (and IBM's PC-DOS) can't access more 
than 640K of RAM— can it? 

It can, and does. About a year and a half 
ago, Lotus Corporation (of spreadsheet 
fame) got together with Intel (of micro- 
processor and memory fame) and Micro- 
soft (of operating-system and program- 
ming-language fame) and settled on an 
"interim" solution to the never-enough- 
memory problem suffered by all computer 
users. The big three came up with a hard- 
ware/software scheme for bank-switching 
up to eight megabytes of memory into a 
single, otherwise-unused 64K block of the 
8088s address space. That type of ex- 
panded memory is variously called LIM (for 
Lotus, Intel, and Microsoft) or EMS (for Ex- 
panded Memory Specification). Whatever 
you call it, it can be tremendously useful — 
and not just for users of large spreadsheets. 
We'll discuss the technicalities of how it 
works in a future issue, for now, let's show 
how it can be put to use. 

What's it good for? The same things that 
normal memory is useful for. You can, of 
course, use it with Lotus 123 to create larger 
spreadsheets. You can also use it to create 
RAM disks and printer buffers. The advan- 
tage of the RAM disk is that oft-used soft- 
ware can be downloaded from relatively 
slow disks (hard or soft) into EMS memory 
where it's available for instant use. And a 
printer buffer can store huge amounts of 
printer output in RAM and feed it the printer 
at its relatively slow rate A modest printer 
buffer (64K) and a RAM disk can save you 
much time and aggravation. 

In addition, more and more programs are 
able to take advantage of EMS memory for 
data and program storage, thereby allowing 
you more DOS memory (under 640K) for 
memory-resident programs and the like. In 
the memory-resident mode, for example, 
the Ready! outline processor leaves only a 



small program kernel in DOS memory and it 
swaps the main program code and your 
data in and out of EMS memory as required. 
AutoCAD 2.5 uses EMS memory for storage 
of drawing vectors, thereby allowing much 
faster screen re-draws and the like. Again, 
the time you save can be enormous. 

By now you 're convinced (or should be) 
of the value of EMS memory but you might 
be wondering whether you can get a chunk 
of it without mortgaging your grandmother 
The answer is yes — definitely! you can now 
get a fully expanded multifunction board 
for what a partially expanded board cost 
just a few years ago — or even less. If you 
need only memory and no ports, etc., 
you're in luck, too. 

Orchid's Conquest 

Orchid Technology (47790 West- 
ing house Drive, Fremont, O* 94539) has a 
high-quality line of turbo boards, enhanced 
display adapters, and multifunction 
boards. (See, for example, our review of the 
PCturbo 286e in the February issue.) Their 
Conquest multifunction board is a high- 
quality example of the type of product 
now available. 

The Conquest includes a serial port, a 
parallel port, and a clock/calendar. No 
game adapter is included. In addition, the 
board can hold one megabyte of memory 
(or two megabytes, using an optional 
daughterboard). The memory can be used 
as DOS RAM, EMS RAM, or both. An addi- 
tional daughterboard is available for inter- 
facing to Orchid's PCnet I oca I -area -network 
system. 

The board itself is full-length, and it oc- 
cupies a single slot. The serial-port con- 
nector is attached to the mounting bracket; 
the parallel-port connector must be in- 
stalled in a separate rear- panel slot, if it is 
used. 

In addition, Conquest includes software 
for print spooling, RAM disk, disk caching, 
and a^pecial memory-resident time/date 
display with alarm. Disk caching is a special 
software technique for speeding up opera- 
tion of hard- and floppy-disk drives. 
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Installing some Orchid boards is not a 
pleasant task, mainly because Orchid uses 
automated intallation programs that modify 
your AUTOEXEC.BAT and CONFIG.SYS files 
in ways that may be incompatible with 
other software. And the manual mayor may 
not spell out what the installation program 
does. However, by reading the manual 
carefully you may be able to get an Orchid 
board running by doing the installation by 
hand. But if you're not intimately familiar 
with IBM sytem files, interrupts, and the like, 
you're likely to have trouble doing it that 
way 

Installing the Conquests somewhat easi- 
er than installing other Orchid boards. To 
install it, you run a program that shows how 
to set the on- board jumpers. The jumpers 
show the Conquest whether some RAM is 
to be used for DOS or all for EMS, the 64K 
bank through which the EMS memory may 
be accessed, whether the ports and clock 
are enabled, and, if so, through which DOS 
communications channels (COM1 or 
COM2, LPT1 or LPT2), whether the ports may 
use interrupts, and, if so, which. DOS RAM 
can only be filled from the 256K point. 

After running the first set-up program, 
you install the board in your PC, and then 
run a second installation program. It allows 
you to allocate EMS memory for the RAM 
disk, the print spooler, etc. Orchid's memo- 
ry-allocation scheme is a bit unusual in that 
the print spooler, if used, must go in DOS 
memory,- the RAM disk and disk cache can 
go in either DOS or EMS memory. After 
running the program, your AUTOEXEC.BAT 
and CON FIG .SVS files have been modified. 
You can re-run the program at any time, but 
you must use the old versions of those sys- 
tem files (which have been renamed with 
the extension OLD). 

The manual and installation procedure 
give you few hints about how much memo- 
ry to allocate to which functions. If you're 
unsure, you can experiment without hurting 
anything. A knowledgeable friend or some- 
one from a local computer club may be 
able to help, as may your dealer. But don't 
look to Orchid for support — it's hard to get 
through to their technical-support depart- 
ment, and they don't return telephone calls. 

When you do settle on the right config- 
uration, you'll understand what the EMS 
fuss is about. The Conquest currently lists 
for $395 with no RAM, $445 with 256K, 
$625 with one megabyte, and $865 with 
two megabytes; at press time it could be 
found discounted for about $220, without 
RAM. Adding a megabyte costs an addi- 
tional $100. For even more memory (up to 
the eight-megabyte EMS maximum), multi- 
ple Conquest's can be installed in one sys- 
tem. 

The Apparat Limbo It 

Apparat, Inc. (6801 South Dayton, En- 
glewood, CO 80112) sells a pair of boards 
for expanding the IBM-PC One, the Limbo, 
contains only a clock/calendar and as much 



as two megabytes of memory,- the other, the 
Umbo II, contains as much as 1.25 mega- 
bytes of memory the clock/calendar, serial 
and parallel ports, and a game adapter We 
evaluated the Limbo II. 

The Limbo II is somewhat more versatile 
than the Conquest because its on-board 
memory can be used to fill DOS memory 
from a number of base locations (64 K, 128K, 
256K, 320K, 384K, 512K, and 576K). 

A separate DIP switch allows you to en- 
ableand disable the clock, ports, and game 
adapter Other jumpers and DIP switches 
allow you to set the RAM window, the I/O 
ports used by the card, and the serial and 
parallel port designations (COM1, COM2, 
and LPT1-LPT3). The board has connectors 
on the mounting bracket for the serial and 
game ports,- the parallel-port connector 
must be attached through a separate cable 
to a vacant portion of the rear panel. Vou 
can connect an optional reset switch to a 
two-pin header block; especially useful to 
programmers, the switch works in conjunc- 
tion with an optional RAM-resident pro- 
gram to provide a non- power-down reset 
for the time when a program goes astray 

Apparat's manual is not as well pro- 
duced as Orchid's, but it is much easier to 
follow: Switch settings are shown clearly 
the necessary changes to the system files 
are outlined clearly and possible problems 
are anticipated. An appendix gives exam- 
ples of using each of the supplied programs 
(the system drivers, several RAM-disk pro- 
grams, several print spoolers, and several 
others.) No disk-cache program is supplied- 

The board and supplied software 
worked with no hitches. With 556K of RAM 
the Limbo II lists for $299; with 1,25 mega- 
bytes of RAM, it lists for $499. The Limbo 
lists for $199 with 64K, or $549 with two 
megabytes of RAM. 

Vericomp's Breakthru/PC 

The Breakthru/PC from Vericomp (8825 
Aero Drive, Suite 210, San Diego, CA 92123) 
is a full-length memory-only board; its RAM 
may be used only for EMS, not DOS, memo- 
ry. However, it packs a walloping two 
megabytes on a card that costs just $398 
with two megabytes of RAM, or $150 with 
no RAM. It comes with RAM-disk, print- 
spooler, and disk-cache software, as well as 
a memory-test program. Its manual is sparse 
but clear. 

Conclusions 

Whether you're new to the world of the 
IBM-PC or an old hat, there's an economical 
way to expand your PC. A memory-only 
board like the Breakthru/PC, or even the 
Limbo, with its clock/calendar, may be the 
best solution if you already have a fully 
loaded PC. But if you're starting from 
scratch, or need extra ports, both the 
Conquest and the Limbo II are good buys. 
The Conquest has slightly better software, 
but the Limbo II is more versatile in its ability 
to fill DOS memory 




10,000 PUBLIC-DOMAIN AND USER- 
SUPPORTED PROGRAMS ON DISK. 

For several years a company called PC- 
SIG (1030D East Duane Avenue, Sunnyvale, 
CA 94086) has been marketing public-do- 
main and user-supported software for the 
IBM-PC As of this writing, their carefully 
selected library consists of more than 600 
double-sided double-density diskettes — 
and more are being added all the time. 

Each disk sells for $6; printed directories 
and a monthly newsletter are also available. 
Almost every conceivable type of program 
is included — everything from word pro- 
cessors and database managers to games 
to tutorials on various programming lan- 
guages (BASIC, C, Pascal) to DOS tools to 
databases on structual-steel and magazine 
articles — and much more. 

We thought it was time we took a look at 
the PC-SIG library but that presented us 
with a problem. Normally we like to exam- 
ine a single program, take it through its 
paces, find out its strong points, its weak- 
nesses, its lovable quirks, and, if necesary 
its not-so-lovable quirks. That procedure 
serves us most of the time — but not always. 
The usual program comes on a single flop- 
py disk, or, at most, two or three. But what 
could we do when the software comes on 
more than 600 diskettes? 

PC-SIG has had the intelligence to make 
their library available on CD-ROM. That 550- 
megabyte hunk of plastic made it possible 
for us to examine the PC-SIG library and 
extract many program and data files, some 
of which we've posted on the RE-BBS. (See 
the inside cover of Computer Digest for 
information on the RE-BBS.) 

To access the disk, of course, you need a 
CD-ROM player (Hitachi, Sony and Philips 
drives are supported.) In addition, you 
need an IBM-PC or compatible running PC- 
DOS (or MS-DOS) 3.1 or higher. After fol- 
lowing the installation procedure, the CD- 
ROM appears as the next available logical 
drive. On our test PC-XT, that was drive D. 

The new logical drive has several sub- 
directories, as shown in Fig, 1. The DOD 
(directory on disk) subdirectory contains 
search-and-retrieval information; the INFO 
subdirectory contains information about 
PC-SIG; and the BIBLE subdirectory contains 
the entire contents of the Bible. The other 
subdirectories each lead to separate sub- 
directories for each PC-SIG diskette. So, for 
example, the path to disk 432 would be: 
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FIG. 2 

\401-500\DISK432. Note in the photo that, 
even with all the above stored on the CD- 
ROM, there are sti 1 1 more than 43 megabytes 
of space remaining! 

Scanning through 600 diskettes might 
seem to be a tedious job, especially when 
you consider that each diskette contains ten 
or twenty files, and often more. However, 
each "disk" contains a directory file (in AS- 
CII), and the DOD subdirectory (shown in 
Fig. 2) contains a number of master catalog 
files (*.UPP) that can be searched with the 
MS-DOS FIND.COM program, or with sever- 
al programs supplied by PC-SI G. 

So locating programs of interest is not 
quite the chore it seems at first. However, 
the PC-SIG library is not completely in- 
dexed (as is another recent CD-ROM re- 
lease, Groliers' Electronic Encyclopedia, a 
review of which will appear in these pases 
soon), so a fair amount of manual drudge- 
work may be necessary if you want some- 
thing specific, or if you want to make a 
thorough search. 

Some people are skeptical about the 
quality of public-domain software,- they 
wonder whether it is really as good as com- 
mercial software, and they may wonder 
whether it contains a "Trojan horse," a pur- 
posely destructive program. 

To begin with the latter, PC-SIG checks all 
programs to make sure that no Trojan horses 
are distributed. 

As for program quality it varies enor- 
mously but there is no doubt that the best 



programs in the PC-SIG library are as good 
as or even better than their commercial 
counterparts. It's hard to provide examples 
because, with a library of perhaps 10,000 
programs, choosing examples is hard. 
However, we will mention two programs, 
both of which we use every day that have 
become part of our MS-DOS toolkit. 

Outline processor 

The first is called PC-OUTLINE. (See Fig. 
3.) As the name suggests, it is an outline 
program. It features drop-down menus, a 
built-in keyboard macro processor, the 
ability to open nine different files at once, 
each in a window whose size and location 
can be set by the user, extensive document- 
formatting commands, the ability to remain 
RAM-resident, and in that mode to import 
and export text directly to a word-process- 
ing (or other) program. It can also print files, 
or save them in ASCII, WordStar, and "Struc- 
tured" files. The latter is used to exchange 
files with other outline processors. Tutorial 
and other information is also included with 
the package. 




FIG. 3 



In addition, PC-OUTLINE is fast— really 
fast — even on a standard 4.77-MHz PC 
clone. Its high speed proves that with prop- 
er programming techniques, a "lowly" 8088 
realty has enough power for word process- 
ing and similar applications — if the pro- 
grammer knows what he (or she) is doing. If 
you've ever seen a program like Microsoft 
Word or Webster's New World Word Pro- 
cessor chugging along on a standard PC, 
you'll appreciate PC -OUTLINE'S speed. 

PC-OUTLINE is "user-supported," so the 
author expects you to send $50 if you use it. 
At $50, the program rivals or exceeds all the 
major commercially available outline pro- 
cessors. If you'd like to give PC -OUTLINE a 
try order disk 480 from PC-SIG, or down- 
load PCO.ARC from the RE-BBS. 

Command -line editor 

Our other favorite program from the PC- 
SIG library is called CED, short for Com- 
mand-line Editor (We've also posted a 
copy of it on RE-BBS.) CED is a memory- 
resident program that, as its name suggests, 
allows you to edit commands at the DOS 
command line. To do so, you use keys in the 
cursor pad; the function keys no longer 
work. The left and right cursor keys move by 
character; CNTL-Left moves left by the 
word; CNTL-Right moves right by the word; 



Home takes you to the beg i nn i ng of the I i ne, 
and End takes you to the end; last, CNTL- 
End erases from the current position to the 
end of the line. 

CED also keeps a stack of recently-per- 
formed DOS commands. Use the Up and 
Down arrow keys to move through the 
stack. When you find one you want, edit it in 
the usual fashion, and press Return when 
you're ready to execute it. 

You may use CED to edit lines (and scroll 
through recently issued commands) any- 
time DOS is requesting input via function 
0Ah. Other than the DOS command-line 
input routine, DEBUG and EDLIN also use 
0Ah input. 

You can also use CED to set up pseudo- 
DOS commands, or what CED calls a syn- 
onym. A synonym can be a single com- 
mand (such as cd \letters\1987\march) 
callable by a short mnemonic ("M" for ex- 
ample). 

A synonym can also be composed of 
several commands; CED thereby functions 
as a simple, but fast, batch processor The 
advantage to using CED's batch synonym 
facility is that even short DOS batch files 
take up a great deal of space — 4K on a 
standard PC-XT. With CED you can set up a 
single configuration file that contains your 
most-used DOS command strings arranged 
as CED synonyms and callable by a single 
letter, if desired. Letting CED do the work 
saves disk space and reduces clutter And, 
because the disk is not accessed, synonym 
batch files run fast. 

You can set the size of the command- 
stack buffer, the synonym buffer, and others. 
In addition, pressing CNTL-T (at the DOS 
prompt) will display buffer usage, defined 
synonyms, etc. 

CED has a number of other advanced 
features, including the ability to add your 
own "internal" DOS commands, and com- 
plete documentation. It is available from 
PC-SIG on disk 535; we've posted a copy 
on the RE-BBS (download CED.ARC). The 
author of CED, Chris Dunford, has released 
the program into the public domain. 

Conclusions 

We started out talking about a CD-ROM 
that contains thousands of programs, and 
ended up focusing on several specific pro- 
grams. Why? To show you that quality soft- 
ware really can be had for a reasonable 
price. 

There are several methods of obtaining 
that software. Electronic bulletin boards 
across the country (including ours) carry 
those programs — you just have to find a 
BBS that has what you want, and then 
download it. For a large program, down- 
loading can take some time, so the $6 PC- 
SIG charges per disk may be less than your 
connect-time charges, especially if you're 
catling long distance. 

The PC-SIG CD-ROM would be a good 
investment for a medium-to-large-sized 
computer club. The hardware cost could 
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be shared among the members, who 
would then have access to thousands and 
thousand of programs. 

The PC-SIG CD-ROM sells for $195; a CD- 
ROM player wi 1 1 set you back about $1 000 at 
the present time, although prices will con- 
tinue to drop as competition heats up, and 
volume production increases. 




32-BIT MICROCOMPUTERS, the Z-386 
model SO and the Z-386 model 40, are part 
of Zenith's Z-300 Desktop PC series. Both 
models feature a 32-bit memory bus that 
operates at 16 MH z and offer the following 
speed enhancements; 

Use of "memory paging" results in faster 
operation by accessing large blocks of 
memory — 2000 and 4000 bytes of informa- 
tion — at once. That minimizes the use of 
wait states, which slow a PCs performance 
by inserting idle time that allows the micro- 
processor to wait for memory to "catch up. " 
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"Burst-mode refresh" increases system 
speed by refreshing multiple rows of mem- 
ory at once. That reduces the amount of 
time that the microprocessor is occupied in 
refresh functions, increasing the amount of 
available computing time. 

An optional "cache controller" board 
stores frequently accessed data in ex- 
tremely fast static RAM (Random Access 
Memory), thereby minimizing system wait 
states. The Z-386 PCs have three open 32- 
bit memory slots, allowing the use of the 
cache controller and memory cards. 

The Z-386 model 80 (with an 80-mega- 
byte hard disk drive) is priced at $7499.00; 



the Z-386 model 40 (with 40 MB of storage) 
costs $6499 00 —Zenith Electronics Cor- 
poration, 1000 Milwaukee Avenue, Glen- 
view, IL 60025. 

LASER PRINTER, the Laserline 6, features 

plug- in personality modules that enable up 
to three users to share a single printer It also 
includes 15 resident, typeset-quality fonts 
and provides face-down, correct-order 
stacking of letter and legal paper. 



speed random access, the models have a 
capacity of more than 1500 floppy disks, 
and are especially useful fora variety of data 
and information-storage operations. 

The model CDR-2500S is priced at 
$1100.00, the model CDR- 1502S, $1000.00, 
and the model CDR- 1502S, $1050.00.— 
Hitachi Sales Corporation of America, 
401 W Artesia Blvd., Compton, CA 90220. 

MODEM, the WorldLink 1200, is battery- 
powered and Hayes-compatible. Features 
include: 1200/300 ops operation, auto-dial, 
auto-answer, pulse and tone dialing, LED 
indication of call progress, carrier detect, 
speed, and low battery. 




Three different personality modules are 
available: The basic personality module is a 
one- port HP Laser- Jet-compatible version; 
the advanced module is a one- port HP 
LaserJet Plus compatible module, and the 
multi-user module is a threeport HP LaserJet 
Plus compatible module. 

The Laserline 6 is fully compatible with a 
wide selection of applications software, in- 
cluding Microsoft Word, Wordstar 2000, 
and Lotus 1-2-3. 

The Laserline 6 has a suggested retail 
price of $1995.00; the basic personality 
module has a list price of $200, the ad- 
vanced module, $400, and the multi-user 
module, $600.00.— Okidata, 532 Fel- 
lowship Road, Mt. Laurel, NJ 08054. 

CD-ROM DRIVE, the model CDR-2500S, is 

a stand-alone version of Hitachi's built-in 
model, which is equipped with cable and 
interface board to conect to IBM PC's, 

The model CDR-2500 is designed to be 
incorporated into a personal computer, 
while the earlier models, the CDR-1502S 
and the CDR-25005— both stand-alone 
models — have their own power supplies 
and can be connected as external compo- 
nents. 

All three units offer 552 megabytes mem- 
ory capacity and a speed of 200 to 535 rpm 
(CLV) for single-sided disks. With high- 
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The WorldLink 1200 supports both Bell 
102/21 2A and CCITT V.21 and V22 stan- 
dards, so it is useful internationally Optional 
acoustic cups allow full-duplex operation 
at both 300 and 1200 bps. List price is $199. 
Touchbase Systems, 16 Green Acre Lane, 
Northport, NY 11768. 

3.5-INCH DRIVE KIT is designed to convert 
desktop PC's to the smaller, yet higher stor- 
age-capacity format of 3.5-inch software. 
The new model ND354A disk drive and 
kit are also designed for easy installation 
into the IBM PC, XT, AT and compatible 
personal computers, including the AT&T 
model 6300, Compaq Deskpro and 
Portable. In addition, the drives are also 
fully compatible with the IBM Convertible, 
Toshiba's model 11100, WOO PLUS, and 
73700 laptops. 
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Both the 3.5-inch drive and installation kit 
for 5.25-inch form-factor drive PC's will be 
sold together at the suggested retail price 
of $150.00 — Toshiba America Inc., Infor- 
mation Systems Division, 2441 Michelle 
Drive, Tustin, CA 92680. |CD| 
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BUILD A 

CLOCK BOARD 

For VOUfi PC 



Build this inexpensive clock 

board and keep your IBM-PC 

(or compatible) on time and 

up to date — automatically! 



VAUGHN D. MARTIN 



The IBM-PC is a great machine, but it does have its quirks. For 
example, every time you turn it on, you have to enter the time 
and the date. That's no big deal — it's just a pain to have to do it 
every single time you use the computer 

Of course, you don't really have to enter the current time and 
date— you can just press the RETURN key But then you won't be 
able to tell when you last worked on a file. And backup software 
may not work correctly either 

However, there is a way to let the hardware do the drudge work 
for you — and that's what computers are for. All you need is a clock/ 
calendar IC, a lithium battery, a few buffers and decoders, and a 
little software. The combination will take care of keeping your 
computer on time and up to date — you'll only have to enter the 
time and date when installing the clock. 

The circuit was designed to work with the IBM-PC and compati- 
bles; the PC board fits in the short slot, A kit of parts is available for 
under $50; by doing some judicious shopping, you can build the 
circuit for even less. The cost is less than that of other boards that 
contain expensive I/O ports and other features that you may not 
really need or want. 

Basic flowcharts of software operation will be presented here; 
the kit includes a disk with several programs (CLOCKSET.EXE and 
READCLOC.EXE) that allow you to set and read the clock, respec- 
tively In addition, we'll post the source code (which is written in 
Lattice C) on the RE-BBS, so you can customize it to your heart's 
content. 

How it works 

The circuit is based on an MM58167A real-time clock IC, man- 
ufactured by National Semiconductor It requires extremely low 
power, so a three-volt lithium battery should easily last a year or 
more. A block diagram of the MM58167A is shown in Fig. 1. 

The IC has several data, control, and address lines. The address 
bus is five bits wide, allowing access to a total of 32 locations. The 



contents of those locations are indicated in Table 1. The MM58167A 
also has a bi-directional eight-bit data bus. 

Driving the IC is an oscillator, which requires kvo capacitors, a 
resistor, and a 32.768 kHz quartz crystal, which function together as 



Address 
A4 A3 A2 A1 





TABLE 1—CLOCK IC 

Contents 
AO 





Counter — Ten Thousandths of 
Seconds 

1 Counter— Hundredths and Tenths of 

Seconds 

10 Counter— Seconds 

11 Counter— Minutes 

10 Counter— Hours 

10 1 Counter— Day of Week 

110 Counter— Day of Month 

111 Counter— Month 

10 RAM — Ten Thousandths of Seconds 

10 1 RAM— Hundredths and Tenths of 

Seconds 

10 10 RAM— Seconds 

10 11 RAM— Minutes 

110 RAM— Hours 

110 1 RAM— Day of Week 

1110 RAM— Day of Month 

1111 RAM— Months 

Interrupt Status Register 

1 Interrupt Control Register 

10 Counters Reset 

11 RAM Reset 

10 Status Bit 

10 1 GO Command 

110 STANDBY INTERRUPT 

1111 Test Mode 
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FIG. 1— BLOCK DIAGRAM OF THE MM58167 is shown here. The 
56 bits of RAM can be used lor generating alarm interrupts or as 
genera I -purpose storage. 

a Pierce-type parallel-resonant circuit. The prescaler and the + 32 
sections provide a 1-kHz clock signal that drives the real-time 
counter, which consists of a 14-stage BCD counter Each stage can 
be read from and written to; the counter keeps time in a 24-hour 
format. 

A read-only rollover status bit sisnals when invalid data may have 
been read. Invalid data could be read if the counter incremented 
during a read (or between reads of successive locations.) A coun- 
ter could increment because the counter chain is asynchronously 
clocked with respect to the system microprocessor (in this case, 
the IBM's 8088). 

The clock IC's RAM contains fourteen four-bit nibbles that can be 
used for alarm interrupts or for general storage. In this project, the 
RAM is used for storage. The nibbles are accessed from the outside 
eight bits at a time; Table 2 shows how the nibbles are distributed in 
the MM58167's address space. Also note that some nibbles are not 
externally accessible: the low-order nibble at address 8 and the 
hish-order nibble at address D. Note that the year is not available 
from the IC directly,- it is tracked by the control software. 

Referring back to Fig, 1, the comparator is a 46-bit device de- 
signed to compare values in RAM against the counters to provide an 
alarm interrupt. The alarm feature is not used in this project, but you 
could use it by writing the appropriate software, and by con- 
necting the IC's interrupt output to one of the PC's interrupt lines. 

Actually the IC has two interrupt outputs: the main interrupt and 
the standby interrupt. The main interrupt is an active-high push-pull 
output. The standby interrupt is an active- low open -drain output. 
For the main interrupt, an eight-bit control register allows the user to 
select from one to seven interrupt rates (10 Hz, 1 Hz, etc.), as well as 
an alarm. The 8-bit status register (at address 10h) informs the user 





TABLE 2— REGISTERS 


Address 

8 


Upper nibble 
Milliseconds 


Lower nibble 
No RAM Exists 


9 


Tenths of Seconds 


Hundredths of 
Seconds 


A 


Tens of Seconds 


Units of Seconds 


B 


Tens ot Minutes 


Units of Minutes 


C 


Tens of Hours 


Units of Hours 


D 


No RAM exists 


Day of Week 


E 


Tens 
Day of Month 


Units 
Day of Month 


F 


Tens of Months 


Units of Months 



which one of the eight interrup ts has occ u red. 

The IC's control lines include chip select, pcwer down, read, and 
write. There is also a ready line that can be used to interface the IC to 
a microprocessor that has a wait-state capability. 

The power-down input functions simi tarly to the chip-seiect signal, 
albeit one of opposite polarity It differs, however; from chip select in 
that it forces the main output into a high-impedance state, whereas 
chip select does not. 

The READy output is active low ; it becomes active on the negative- 
going edge of either the system's read or write signals (assuming the 
chip-select input is low). If the ready output is not used it may be left 
open-circuited. 

In addition, the IC has a "GO" register (at address 15h), which is 
used to set the time. To do so, first the counters and the RAM are 
reset by writing FF into locations 12h and 13h. Then the correct time 
is written into the appropriate registers. Last, a write to address 15h 
loads the counters. 

The circuit 

Figure 2 shows the complete schematic of the clock's interface 
circuitry nand gates IC1- a, IC1-b, lC1 -d, and 3-to-8 line decoder ICS 
generate the MM58167's chip-select signal. Any time an I/O address 
ranging from 2C0h to 2DFh is read or written, that signal will go low 

Integrated circuits IC3 and IC4 are bi-directional buffers that give 
the system access to the clock IC's address and control lines (IC3) 
and its data lines (IC4). The data-bus buffer (IC4) is also selected by 
the pin-9 output of IC5, and the direction of transfer is controlled by 
ICI-c, which combines the system's memory-read signal (at edge- 
connector pin B 12) w ith the i/o read line (at pin B14). 

The c lock IC's ready signal is connected directly to the system's \[ 
o ready line to inform the computer when valid data is available. 

When the computer is turned off, the clock IC receives power 
from lithium battery B1 through diode D3, and diode D2 prevents 
battery power from trying to feed the computer's power supply 
When the computer is turned on, five-volt power is supplied 
through diode D2 to the clock IC. Since that voltage is higher than 
the three volts supplied by the battery, D3 is reverse-biased, so no 
current is drawn from the battery Therefore, the battery should last 
longer if the computer is used more. In any case, the battery is rated 
to supply power for a year before it needs to be replaced. 

The network composed of D1, R3, and C5 ensures that the clock 
IC undergoes the correct power-up and power-down sequences. 
In particular, the pcwer-dcwn line (pin 23) should be held low until 
all other line s are stable. The R3-C5 time constant is sufficient. Also, 
pcwer- down should go low as soon as possible after power is 
turned off. When power is turned off, the computer's five-volt 
supply begins to drop, so eventually the charge on capacitor C5 
forward-biases diode D1, and that allows C5 to discharge through 
the computer's power supply Diode D1 is a germanium type, to 
keep the voltage drop across it low 

Construction 

Our prototype was built on a printed-circuit board, foil patterns 
for which are shown in PC Service. You can also purchase an etched 
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RG. 2— COMPLETE CLOCK/CALENDAR SCHEMATIC is shown here. The clock IC's 
registers are accessed at the 32 locations beginning with 2C0h. 



and drilled board (with gold-plated contacts) from the source 
mentioned in the Parts List, if you etch your own board, note that it is 
double-sided, so make sure that all feedthroushs are soldered on 
both sides of the board. 

If you use our PC board, refer to Fig. 3, the parts-piacement 
diagram, to stuff the board. Make sure that you mount the polarized 
capacitors correctly, as well as the diodes and the IC's. Check your 
work carefully 

Software 

Two programs control operation of the clock board. The 
CLOCKSET program, outlined in Fig. 5, is used to set the clock (and 
to reset it when a time change occurs, or when the battery is 
changed.) When the program runs, it prompts the operator for the 
date, which is then checked. If the date is correct, the prosram 
prompts for the time, which is also checked. Entry of an invalid date 
or time causes the program to ask for the desired value again,- the 
process repeats until a correct value is entered. 

When the program has the correct values, it soes into a loop that 
consecutively sets the valid time and date values into the appropri- 
ate clock-IC registers. 

The READCLOC program, outlined in Fig. 6, reads all the time and 
date registers from the clock IC. Because the IC's alarm feature is not 
used, several RAM locations (inside the MM58167)are used to keep 
track of the current year, as well as the month when the clock was 
last read. Then, each time the clock is read, the last month is 
compared to the current month. If the last month read is larger than 
the current month, it is assumed that the a new year has begun, so 
the year counter is incremented and saved. 

The READCLOC program reads the status register each time to see 







FIG. 3— STUFF THE PC BOARD as shown here. Make sure all IC's 
are inserted correctly, and that the polarity of the battery is also 
correct. 

whether the clock changed while the regeisterswere read. If so, the 
registers are read again. The process continues until the status 
register indicates that valid data has been read. Before display, both 
date and time are checked for validity If either is invalid, then an 
error message and a default time and date are displayed. 
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ASK FOR DATE 



INPUT DATE 
CHECK VALID DATE? 



PRINT ERROR 
MESSAGE 



NO 



ASK FOR TIME * 



INPUT TIME 
CHECK VALID TIME 



NO 



PRINT ERROR 
MESSAGE 

T 



SET ALL BATTERY 

BACKUP CLOCK 

REGISTERS? 



YES 



SET CORRECT 

FORMAT IN COUNTER 

RESET REG. 



fENDj 



SET DATA IN 
COUNTER REGISTER 



FIG. 4— TO SET THE CLOCK REGISTERS, the user is prompted 
for the time and date. The the registers are loaded one by one. 



READ MONTH, DAY, HOUR, 

MINUTE, SECOND, TENTHS, 

HUNDREDTHS, 

THOUSANDS, 

INTO TEMP LOCATIONS 




READ STATUS BIT 
010 ROLLOVER OCCUR? 



YES 



MONTH, DAY, ANDTIME 
VALID 



HUE 



NO 



CHECK DATE FOR 
SPECIAL MESSAGES 



PRINT ERROR 
MESSAGES 



UPDATE LAST MONTH YES 
AND YEAR IF NECESSARY 



NOT SPECIAL 



PUT TIME AND 
DATE INTO IBM 
TIME AND DATE 



(end J 
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FIG. 5— TO DISPLAY THE TIME AND DATE, the clock registers are 
loaded one by one. If the current date is Christmas, New Year's, 
etc., a special message is displayed. Then the year register is 
updated, if necessary. 



If time and date are valid, the program checks for a special date 
(New Year's Day St. Valentine's Day the 4th of July, Christmas, etc.). If 
the current date is one of those dates, an appropriate message 
("Happy New Year," for example) is displayed, as are the time and 
date. Also the time and date are used to set the IBM-PC's time and 
date memory locations. 

If you'd like more information about either program, or if you'd 



PARTS LIST 

All resistors are Vi-watt, 5% unless 
otherwise noted. 

R1— 3300 Ohms 
R2— 180,000 ohms 
R3— 100,000 ohms 
Capacitors 

C1— 10 fjiF, 16-volt, tantalum 
C2, C5, C6, C7-0.1 M.F, 25-volts, disc 
C3 — 12 pF silver mica 
C4— 20 pF silver mica 
Semiconductors 
IC1— 74LS00 quad nand gate 
IC2— MM58167A reai-time clock 
(C3, IC4— 74LS245 eight-bit bi-directional buffer 
IC5— 74LS138 3-to-8 decoder 
D1 — 1N270 germanium diode 
D2, D3— 1N4148 switching diode 
Other components 

XTAL1— 32.768 kHz crystal {Digi-Key no. X32768) 
B1 — 3-volt coin-type lithium battery (Digi-Key no. P142} 
Miscellaneous; Battery holder {Digi-Key no. BH906- 
ND), PC board, wire, solder, etc. 
Note: A disk containatng driver software for this 
project is available for $12 ppd from Specialty Elec- 
tronics Services, Inc., P. O. Box 680712, San An- 
tonio, TX 78268-0712. In addition, a PC Board is 
available ($12), as is a complete kit of parts ($49.95), 
and an assembled and tested version (S59). 






like to customize either for a special application, you can down- 
load the source code files from the RE-BBS Call 516-293-2283 with 
your modem set for 300 or 1200 baud, 8 data bits, 1 stop bit and 1 
start bit, and no parity The file IBMCLOCK.ARC contains both source 
files in compressed format. 

Installation 

There's nothing to installing the PC board physically: Just remove 
power and insert the board into an empty slot. Then run the 
program CLOCKSET, which will ask you for the current time and 
date; and last run READCLOC, which will set the time for DOS. You 
can include READCLOC in your AUTOEXEC.BAT file to set time and 
date automatically every time you boot up. 

Chances are extremely slight that you'll experience any problems 
with the board, assuming you followed good construction tech- 
niques. If you do have a problem, remove the board, and make sure 
that the ICs and diodes are oriented correctly and that all compo- 
nents are soldered well. 

If the board appears to be OK, the clock board's l/O-port usage 
may be conflicting with some other board in your system. Remove 
all boards that aren't absolutely necessary and try again. If the clock 
board works now, you've begun to isolate the problem. To make 
the board compatible with your other hardware, you'll have to 
change the I/O port of one or the other Most manufacturers provide 
jumper blocks or switch settings to change I/O ports. If you want to 
change the clock board's I/O ports, cut the trace leading from pin 9 
of IC5 (the 74LS138), and connect another output of the IC to the cut 
trace. To accommodate the new port, you'll also have to recompile 
the operating software. 

Before going to such drastic lenghts, realize that it's possible, 
although unlikely that the control software conflicts with some 
other software in your system. Try booting from a clean DOS 
diskette (one with no memory-resident programs), and then run- 
ning CLOCKSET and READCLOC. If that solves the problem, experi- 
ment with your usual AUTOEXEC.BAT file. Try eliminating your RAM- 
resident programs one by one and rebooting until the problem 
goes away Altering the loading order may solve the prob- 
lem. tcr>i 
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Some people say that the day of the hacker is gone — that 
no one really wants to build his own computer — that people 
are content to plug keyboard and monitor into the back of a 
machine, insert a disk, and start computing. 

We don't buy it. We think that there is more than one 
person interested in building his own computer from the 
ground up, learning every detail about it, customizing it, 
making it do what he wants it to do, not what IBM or Apple or 
Commodore says it should do. So, during the next few 
months, we 'II be presenting a series of articles on building a 
68000-based machine. 

A 68000? Not an 8088? No— definitely not! We're de- 
veloping Intel-itis! So we want to look at a different micro- 
processor family. Are we anti- Intel? Pro-Motorola? Neither. 
But we want to facilitate discussion. 

In order to do so, we will present plans for building a 
computer that runs the CP/M-68K and OS-9 operating 
systems. Most people are familiar with CP/M from its long 
use with (ironically) Intel (8080) and Zilog (Z80) micro- 
processors. Fewer people are familiar with OS-9. It has 
been around nearly as long as CP/M; it was originally 
written for the 6809 microprocessor. The Radio Shack 
Color Computer runs OS-9, as do a number of proprietary 
systems. And the upcoming CD-I (Compact Disk Interac- 
tive) systems most likely will run OS-9. 

Because of the amount of time and space required, we 
will not present complete construction plans for the com- 
puter. Rather, we will discuss its capabilities in depth, and 
describe a few of its more interesting hardware features in 
detail. That way we hope to entice you into building the 
machine and sharing your experiences with us and with 
your fellow readers. 

The motherboard, EP ROM's containing the system 
monitor and the BIOS for one operating system, and a thick 
handbook with complete construction 
plans, schematics, theory of operation, 
troubleshooting hints, monitor source 
listings, and sample programs are avail- ,<^ 
able at reasonable prices. We 'II provide 
that information next time. 

The computer's motherboard 
provides all necessary peripheral inter- 
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MANFRED KOENIG, HAGEN VOELZKE 

faces (disk and video controllers, keyboard interface, serial 
and parallel ports, etc.) In addition, much expansion hard- 
ware is available, including RAM cards, an IEEE-488 inter- 
face, speech card, D/A and AID converters, and more. 
Further, many professional programming languages are 
available, including BASIC, C Pascal, LISP, FORTRAN, 
etc. 

Last, we've set up a special section of the RE BBS 
(516-293-2283) for readers to share 
problems, hints, complaints, congratula- 
tions, etc. We've also posted several 
disks of public-domain software there, 
so you'll have a place to start learning 
about programming the 68000. 
From there on — it s up <Z 

to you! — Editor. 
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Apple's Macintosh, Commodore's Amiga, and Atari's ST all have 
one thing in common: the 68000 microprocessor that 
provides those computers with their smarts. Unfortunately all three 
machines have closed architectures and proprietary hardware and 
software. That makes it hard to build add-on hardware, as well as 
software. 

The IBM-PC family has one big advantage over all the 68000 
machines: its open architecture. Every detail of every machine, 
adapter board, and even BIOS ROM listings have been published 
by IBM in a series of Technical Reference manuals. 

So we felt that it was time to introduce a computer system with 
the best of both worlds: an open-architecture machine based on 
the 68000. In doing so, we had several design goals: 

• The basic unit should provide all necessary hardware to get a 
system up and running, but the design should also be flexible 
enough to handle advanced operating systems and hardware. 

• Assembly and testing should be simple enough that the amateur 
computerist would be able to get the system running without 
expensive test equipment. 

• All components should be readily available; no expensive or 
hard-to-find parts should be used. 

• The price of the computer should be competitive with that of 
the closed-architecture machines. 

We believe that the computer described here meets or exceeds 
all those goals. 

Design overview 

Before we settled on the 68000, our first problem was to select 
an appropriate microprocessor. Should we use an 8- or a 16-bit 
device? A 16-bit microprocessor requires twice as many RAM's, 
ROM's and data buffers; those extra components increase cost and 
circuit-board complexity. On the other hand, a 16-bit micro- 



WHAT, NO WORDSTAR? 

This computer doesn't run WordStar, Lotus 123, dBASE, 
MacDraw, AppleWriter, or any other popular software. So 
what good is ft? 

To answer that question, let's take a brief look at some 
microcomputer history. About ten years ago the first per- 
sonal computer kit was advertised in magazines including 
Radio-Electronics. The Affair 8800 was greeted at the 
time with smugness: "Cute, but what can it do?" History has 
since shown that the personal computer can do many 
things, very few of which were forseen in 1976. 

Many of today's leading engineers and programmers 
(and editors!) got their start on those early machines; the 
hardware and software tinkering they did has provided them 
with knowledge that has proven its worth again and again in 
working with other systems. 

Times change, of course, and it wouldn't be worthwhile 
publishing information on building a computer with a few K 
of RAM and ROM, and only toggle switches for input, and 
discrete LEDs for output, Ergo this 68000-based computer, 
several thousand of which are already live and well and 
operating in Europe. 

The computer can be assembled for under $1500, which 
is about what a maximally configured Altair cost in 1976. 
The lesser price, however, includes memory, peripheral 
support, and software that is several orders of magnitude 
better than what was available back then. 

Although it doesn't run popular applications software, its 
the kind of computer the serious student can learn much 
from, and it also has the expansion capacity and systems 
software that the scientist and engineer uses every day. 
Further, Phoenix Technologies (320 Norwood Park South, 
Norwood, MA 02062) recently announced an 8088 emula- 
tion program that runs on various 68000 machines, and 
allows them to run IBM-PC software. So building this ma- 
chine is in no way a lesson in planned obsolescence. 



processor can handle data twice as fast as an 8-bit device. 
Benchmark tests showed that an 8086 microprocessor would not 
satisfy our performance needs, but that a 68000 would, because it 
has a 32-bit internal data path. 

After settling on the 68000, there were still marry things to 
decide. We wanted the system to be able to accomodate as many 
different types of hardware as possible, so that users could avoid 
the anguish of accidentally buying incompatible equipment (key- 
board, monitor, disk drives, etc.) Therefore our motherboard has 
many ports for interfacing a wide variety of peripherals, as shown in 

TABLE 1— ON-BOARD HARDWARE 



Hardware 

CPU 


Comments 

8-MHz 68000 or 68010 


RAM 


128K or 51 2K, expandable to 16 
megabytes 


ROM 


64K on board {32K monitor and 32K 
for BIOS) 


BUS 


Eight fully buffered expansion slots 


Serial port 


Up to 19,200 bps 


Parallel port 


Centronics standard 


User port 


16 bits (6522 VIA) 


Joystick port 


Standard analog 


Keyboard ports 


IBM-PC or parallel ASCII 



Cassette port 3,600 bps, interface to standard 

recorder 

Stereo sound 
port Speech capability 

Monochrome 16 MHz, 80 characters x 25 lines, 4 

video port attributes 

RGB video port 40 or 80 characters x 25 lines 
Graphics 640 x 200 pixels (monochrome), 

320 x 200 pixels in four of 1 6 colors 
Graphics and text can be mixed. 

Disk Eight simultaneous drives (8", 5-1/4", 

controller 3-1/2") 

SASI port For hard disk with up to 32 heads 

and 1 00 megabyte storage 
capacity 



TABLE 2 


—EXPANSION HARDWARE 


Device 

RAM card 


Comments 

2 megabytes.no wait states with 
120-ns41256at8 MHz 


RS-232 card 


8 ports for MIDI, modems, printers, 
terminals 


EPROM burner 


Four ZIF sockets 


Hard-disk 
controller 


For SASI port 


Mouse interface 


With Mouse and software 


Prototype card 




D/A and A/D 


Several 10- and 12- bit cards 


IEEE 488 


Bus interface 


Multifunction card 


RAM, EPROM, I/O lines (28), clock, 
Centronics port 



102 




MOTOROLA vs. INTEL 




In the mid 1970's Intel Corporation quietly introduced the 
8008 microprocessor. The device made it possible, for the 
first time, to build machine controllers that were program- 
mable via electronic — not mechanical — means. 

Shortly thereafter, MOS Technology and Motorola intro- 
duced microprocessors of their own: the 6502 and the 
6800, respectively. Since that time, Motorola's original mi- 
croprocessor has led to several generations of increasingly 
powerful devices, including several families of controllers, 
the general-purpose 6809, and the 68000 family, heart of 
the Apple Macintosh, the Commodore Amiga, and the Atari 
ST. as well as a number of UNIX-based systems, and other 
proprietary systems. 

Of course, Intel didn't rest on its laurels. The 8008 soon 
gave way to the 8080, and then the 8088, heart of the IBM* 
PC. By some accounts the 8088, and its more powerful 
siblings, the 8086, the 80286, and the 80386, are the most 
powerful microprocessors in existence. 

That's not the case, however. In fact, it can be argued that 
the 68000, and its more powerful siblings, the 68010, the 
68020, and the 68030 are more versatile, easier to use, and 
more powerful than corresponding members of the 8088 
family. So we chose the 68000 for this machine, rather than 
an Intel 8088-series device, and here are some of the 
reasons why. 

For starters, the basic 68000 has equal access to all 16 
megabytes (4 gigabytes for the 68020} of memory, where- 
as the 8088 family can address only 64K at a time through 
the use of segment registers that must be specially loaded 
by the programmer, the linker, or both. Later devices in the 
Intel family (the 80286 and the 80386) are not as restricted 
as the earlier devices in their ability to access large chunks 
of memory, but, as of this writing, software incompatibility 
has prevented widespread use of the expanded facilities. 

In addition, the 68000 has a more highly integrated inter- 
nal structure; that integration makes life much easierfor the 
programmer. The 68000 has eight 32-bit data registers, any 
of which may be used as an accumulator, index counter, 
etc. The 68000 also has seven 32-bit address registers 
that, likewise, are truly general purpose. 

The 8088 family, by contrast, has a dedicated ac- 
cumulator and separate counting, index, and data regis- 
ters. Different registers access different parts of memory, 
depending on the segment registers that modify them. The 
programmer must at ail times keep track of both data and 
segment registers, and how the contents of those registers 
are affected by which instructions. 

The 68000's instruction set is quite regular; the move 
instruction, for example, can transfer values between any 
combination of CPU registers, memory, and peripheral de- 
vices. The 8088 family, by contrast, has separate load, 
store, in, and out instructions that are not ail valid in ail 
address modes — and that's one more "feature" that makes 
life difficult for the programmer. 

Furthermore, successive generations of the 68000 family 
add facilities, but remain highly compatible with the earlier 
generations. Often a later-generation device can be inser- 
ted directly into the socket of an earlier device, and the user 
can immediately benefit from the added facilities. 

Each generation of the Intel family, on the other hand, has 
introduced new modes that are incompatible with the origi- 
nal mode. So software developers are forced to re-develop 
applications from scratch, or to ignore the new modes 
altogether. The 80386 will remedy some of the problems 
mentioned, but control software that can make use of all its 
facilities is not likely to be seen before 1988. However, multi- 
user, multi-tasking operating systems (OS-9 and CRTX) 
are available for this machine right now. 



TABLE 3— OPERATING SYSTEMS AND 
PROGRAMMING LANGUAGES 

Software Comments 

MONITOR 32K, with editor, monitor, symbolic 

assembler, and debugger 
(contained in two on-board 
EPROMs). 

CP/M-68K Version 1.2, including C compiler 

OS-9/68K Realtime, multiuser, multitasking 

CRTX Realtime, multiuser, multitasking 

MODULA 2 Pascal's control structures, C's power 

and speed 

FORTH Enhanced FORTH (79 and '83 

standards} with many 32-bit 
operations, editor and high-res 
graphics commands 



C 


Included with CP/M 


XLISP 


Public-domain interpreter 


FORTRAN 77 


Compiler 


PASCAL 


Compiler 


BASIC PLUS 


Interpreter 


C 


Whitesmith 


FBASIC 


Fast BASIC compiler, MBASIC 
compatible 


GEDIT 


Screen -oriented program editor, 
menu -driven 


GRED 


Joysti c k/'mou se-co ntroi led g rap h i cs 
program 


PHO 


Phoneme editor for speech card 


CEDIT 


Editor with built-in calculator 


RAB 


Memory-resident utility program wit 



DU 



calculator, clock, memo pad, etc. 
Disk utility 



Table 1 . To keep the cost of the peripherals as low as possible, we 
made the system compatible with inexpensive IBM-PC clone com- 
ponents (keyboard, power supply monitor, etc). 

We chose the 6845 (which, by the way, is used in the IBM-PC's 
color and monochrome display adapters) for video control. The 
screen can be switched, under software control, between text and 
Nsh-res sraphics displays. In monochrome text mode, 25 lines of 
40 or 80 characters, each with a resolution of 8 x 10 pixels, can be 
displayed. The monochrome graphics mode has 640 x 200 freely 
program ma ble pixels; throush hardware or software scrolling, a 
1024 x 1024 matrix may be controlled. In color mode, you can 
display text as 40 characters x 25 lines, or sraphics in 16 colors, 
from 3 320 x 200 pixel matrix. 

A DMA channel connected to the video RAM allows for super- 
fast graphics,- up to 32 graphics pases can be defined. All impor- 
tant video signals (including the discrete RGB sisnals, SYNC and 
HSYNC, and their complements) are available at the video port, 
making it simple to interface just about any kind of monitor. 

Seldom contained on any microcomputer motherboard is a 
floppy-disk controller However, we have included a 1793 drive 
controller and a 9229 data separator Just about any standard drive 
can be interfaced through one of two buses. Bus 1 is for 5 1 // and 
3W drives; bus 2 is for 8" drives. As many as four drives, single or 
double sided, can be connected to each bus and configured via 
software as single or double density with 35, 40, 77, or 80 tracks. 
The motherboard also has a SASI hard-disk controller. 
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Rales: Ads are : 

insertions $775. each, Closing date same as regular rate card. Send order with 
remittance to Computer Admart, Radio Electronics Magazine. 500-B Bi-County 
Blvd.. Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman, area 
code-516-233-3000. Only 100% Computer ads are accepted for this Admart. ' 



Call 516-293-3000 to reserve space. Ask 

for Arline Fishman. Limited number of 
pages available. Mail materials to: 
Computer Admart, RADIO-ELEC- 
TRONICS, 500-B Bi-County Blvd., Farm- 
ingdale, NY 11735. 



Eliminate Guesswork! 
Build with Confidence! 

BIG BLUE SEED for IBM'" BUILDERS 

Parts list, placement diagrams & instructions 
for assembling over 75 IBM-compatible 
bare cards. Latest version includes guides 
for 640K, Turbo, & AT MthBds $17.95 

APPLE SEED II for APPLE" BUILDERS 

Instructions for assembling over 85 Apple- 
compatible bare cards including II+ & lie 
MthBds. For all Apple enthusiasts ..$14.95 
Both for $30.00! Also bare cards in stock! 

Check/ money-order, VISA/MasterCard to: 

NuScope Associates', Dept RE 

P.O. Box 790 . Lewiston, NY . 14092 

'& Division at K'ivr-t McraTKh Inc 



GETTING 
THE MOST 
FROM YOUR 
PRINTER 



Getting The 
Most From Your 
Printer 




BP181— It is probable that 80% of dot-ma- 
trix printer users only ever use 20% of the 
features offered by their printers. This book 
will help you unlock the special features and 
capabilities that you probably don't even 
know exist. To order your copy send S6.95 
plus S1.50 for shipping in the U.S. to Elec- 
tronic Technology Today Inc., P.O. Box 
240, Massapegua Park, NY 11762-0240. 



A Z-80 

WORKSHOP 

MANUAL 




Starting with a review of 
computer principles, this 
book describes typical 
machine-code instructions followed by a 
detailed description of the Z-80 instruction 
set. Assembly language programming is 
also discussed with examples. Z-80 hex 
machine-code and assembler instructions 
are given in tabular form, along with in-our 
connections for the Z-80 and te associated 
devices. , . .Order your copy from Electronic 
Technology Today Inc., P0 Box 240, Mas- 
sapequa Park, NY 11762. Price is S6.95 
plus 51.00 for shipping. 
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Assorted interfaces 

For flexibility several kinds of keyboards can be accomodated: 
serial ASCII, parallel ASCII, and IBM-PC. Both Centronics and 
RS-232C ports are included, as is a freely-programmable 16-bit user 
port. An analog joystick port and a stereo sound port are also 
included; the latter can be used for speech synthesis, with the 
addition of a speech/clock card. 

For adding your own or commercial hardware, the system in- 
cludes eight expansion slots. A sample of the commercially avail- 
able hardware is shown in Table 2. 

Software 

You can get the system up and running simply by building the 
motherboard and adding a keyboard and a monitor Cor an RS-232 
terminal). The system attempts to boot from floppy disk, but if you 
push the ESC key during the boot process, you enter the ROM 
monitor From there you can examine and change memory loca- 
tions, use the built-in symbolic assembler, trace programs, etc. 

Of course, eventually you'll want to add disk drives and write 



programs in a high-level language. The CP/M-68K operating system 
comes with an assembler/editor/debugger package, and the Digital 
Research C compiler. Many other editors, programming languages, 
and utilities are available, as shown in Table 3. 

General remarks 

About 2000 systems have been assembled since the computer 
was introduced in Europe in fall 1984. Interest groups sprouted all 
ewer Germany and, based on the experiences of users there, a new 
motherboard was designed that corrected several flaws in the 
original. 

Building the motherboard and peripheral cards is straightfor- 
ward. However, construction does require meticulous attention to 
numerous small details. The handbook that accompanies the moth- 
erboard and EPROM set contains instructions for novice kit builders, 
as well as step-by-step instructions for testing each sub-system as 
you bring the computer up 

Next time we'll discuss hardware features and construction; the 
final article will discuss software.|<D4 
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MARKET CENTER 



FOR SALE 



TV tunable notch fitters, free brochure. D.K. VIDEO, 
Box 63/6025, Margate, FL 33063. (305) 752-9202. 



CHANNEL 3— 60rJB notch filter. 63.5MHz. $19.95. 

All other channels $29.95. Cable converter and ac- 
cessory catalog $1. (514) 739-9323. CROSLEY(A), 
Box 840, Champlain. NY 12919. 



CLASSIFIED AD ORDER FORM 

To run your own classified ad, put one word on each of the lines below and send this form along with your check to: 

Radio-Electronics Classified Ads, 500-B Bi-County Boulevard. Farmingdale, NY 11735 

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For 

special headings, there is a surcharge of $23.00. 

( j Plans/Kits ( ) Business Opportunities ( ) For Sale 

( ) Education/Instruction ( ) Wanted ( ) Satellite Television 

( ) , 

Special Category: $23.00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS. 

(No refunds or credits for typesetting errors can be made unless you clearly print or type your 
copy.) Rates indicated are for standard style classified ads only. See below for additional 
charges for special ads. Minimum: 15 words. 



10 



11 



12 



13 



14 



15 ($42.75) 



16 ($45.60) 17 ($48.45) 18 ($51 .30) 19 ($54.15) 20 ($57.00) 



21 ($59.85) 22 ($62.70) 23 ($65.55) 24 ($68.40) 25 ($71.25) 



26 ($74.1 0) 27 ($76.95) 28 ($79.80) 29 ($82.65) 



30 ($85.50) 



31 ($88.35) 32 ($91.10) 33 ($94.05) 34 ($96.90) 35 ($99.75) 

We accept M aster Card and Vi sa f or payme nl of orde rs. If you wish to u se you r cred it ca rd to pay for your ad fill 
in the following additional information (Sorry, no telephone orders can be accepted.): 



Card Number 



Expiration Date 



Please Print Name 



Signature 



IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE 
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED, 
CLASSIFIED COMMERCIAL RATE: (tor firms Or individuals offering commercial products or services) 
$2.85 per word prepaid (no charge for zip code),.. MINIMUM 15 WORDS. 5% discount for same ad in 6 
Issues; 1D% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE: (for 
individuals who want to buy or sell a personal item) $2.30 per word. prepaid....no minimum. ONLY FIRST 
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 50c 
per word additional (20% premium). Entire ad in boldface, add 20% premium to total price. TINT 
SCREEN BEHIND ENTIRE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE AD 
PLUS ALL BOLD FACE AD: add 45% premium to total price. EXPANDED TYPE AD: 34.30 per word 
prepaid. All other items same as for STANDARD COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE 
EXPANDED TYPE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE EXPANDED 
TYPE AD PLUS ALL BOLD FACE AD: add 45% premium to total price. DISPLAY ADS: 1" x 2V*"— 
$320.00; 2" x ZVt" — $640.00; 3" X 2'/»" — 3960.00 General Information: Frequency rates and prepay- 
ment discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS 
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER 
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be in our hands on the 12th of the third 
month preceding the date of the issue, [i.e., August issue copy must be received by May 12th). When normal 
closing date falls on Saturday, Sunday or Holiday, issue closes on preceding working day. 



TUBES new, unused. Send self-addressed, stamp- 
ed envelope for list, FALA ELECTRONICS, Box 
1376-2, Milwaukee, Wl 53201, 

RESTRICTED technical Information: Electronic 
surveillance, schematics, locksmith ing, covert sci- 
ences, hacking, etc. Huge selection. Free bro- 
chure MENTOR-Z, 135-53 No. Blvd., Flushing, NY 
11354. 

LASERS, components and accessories. Free cata- 
log. M.J. NEAL COMPANY, 6672 Mallard Ct„ Ori- 
ent, OH 43146. 

FREE power supply with Assortment #103 

PCB, TOKO COitS 144LY-12QK, 
520HN-3000023. BKAN-K555AXX(2> 
2N3904(2), BFQ85, 7812, 74123, 
MC1330A1P, 11*914. 1N5231B. Only $25.00. 
Assortment #201 MC1330, LM1458, 
MC1358. NE565, LM386, 2N3563, 
MPN3404, IN4002. Only $10.00. Assort- 
ment #301 PCB with all IC"$, transistors, 
and diodes for Telease-Maast Satellite-TV 
project (Oct. 86 article) only $25.00. 10% 
discount tor 5 or more. Service charge 
$3.00/order. 1(860) 821-522S Ext. 426. M& 
VISA, COD, check or M.Q Or write JIM 
RHODES INC.. P.O. Box 3421, Bristol, TN 
37625, 

TUBES, name brands, new, 80% off list. KIRBY, 
298 West Carmel Drive, Carmel, IN 46032. 

INDIVIDUAL Photofact-folders #1 to #1400. $3,00 
postpaid. LOEB. 414 Chestnut Lane, East Meadow, 
NY 11554. 

WHOLESALE car-radio computer telephone audio 
video acessories antenna catalog (718) 897-0509 
D&YVR, 68-12 110th St., Flushing, NY 11375. 

CATALOG and theory sheet: All models of convert- 
ers and deseramblers. Special combination 400 
and SB3, S165. Pulse descrambler kit assembles in 
half hour $69.00, built $110.00. Satellite de- 
scrambler kit assembles in one hour $110.00, built 
$180.00. Send $1.00. MJ INDUSTRY, Box 531, 
Bronx, NY 10461. __ 

TUBES! 59e. Year guarantee. Free catalog. Tube 
tester $8.95. CORNELL, 4215 University, San Di- 
ego, CA 92105. 

T1-99/4A software/hardware bargains Hard-io-find 
items. Huge selection. Fast service. Free catalog 
DYNA, Box 690, Hicksville, NY f1S01. 

VIDEO scrambling techniques. The original "secret 
manual" covers sinewave. gated pulse, and SSAVI 
systems, 55 pages of solid, useful, legible informa- 
tion. Only $14.95. ELEPHANT ELECTRONICS, 
INC., Box 41865-J. Phoenix, AZ 85080. (602) 
581-1973. 

WIREWRAP labels. Identify IC's, pins. Easier, er- 
rorless wrapping. All DIPS 8-40 pins. Inexpensive, 
363 lables $6.00. PAUL'S LABELS, 7320 Embas- 
sy, Miramar, FL 33023, 

IS it true... Jeeps for $44 through the government? 
Call lor facts! 1 (312) 742-1142, exl. 4673. 

OLDTIME radio programs on high quality tapes. 
Comedy! Adventure! Music! Free catalog. CARL F. 
FROELICH, Heritage Farm, New Freedom, PA 
17349. 



Quality Microwave TV Antennas 



Multi-Channel 1 ,9 to 2-7 GHi 

W40dB Gain True Parabolic 20 Inch Disfi 
Complete Syslcm S79.9S [pUs snipping) 
Dealerships., Qty, Pricing, Replacement Parts 
PtiiiiiDs-Tech Electronics 
RS. Bon 8533 • ScotIM*, U 85252 
LIFETIME 1602) 947-7700 inMCrnlUlllplnniwdcrsll 
WARRANTY MHIrrCird ■ ',' U • COD'l 
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/Mult-tech KEYBOARDS 

E&SZZr- FOR IBM* AT 

_ Both work 

on the PC. 

or tft* AT 

II you don.t 

like the feel 

return it for 

a refund 1 5 

day trial pttiaa 
•re below 



14 KEYS 
J7KEYS 



KBOf 

KB0< 



$39°° 
$49°° 



FLOPPY CONTROLLER 

WITH LPT1 PRINTER PORT 

FOR IBM* OR CLONES 



Saa C3 i=> (=> a <=> 



\ 



[ 



iMMSMMMMlr 



TANDEM 'PCBA 188400 

ONLY $ 24 



99 



15 DAT TRIAL PERIOD HUKRT SUPPLT 
WONT LAST LONG AT THIS PRICE 



WE H/!VE A NEW /)/}S I PLEASE GIVE IT 
ACALL At tlS-2bl-*St3 AND L£T 

me know what not AM 

you think. '•"PKI&N 



Cill fa m ctri af 15 iii trill ■ircemeitt. Tax It 
frlef ht txtra.Send tftecfc or add 1,90 far COD. 
Price mi^ tWiM, Store Price ma* differ* While 
sinmea Int. Ha POa. terma. or credit caraa 



SiliconValley Surplus 

415-261-4506 

4401 (MKPOKT OAKLAND CA, 94601 
RE FEB I 
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OPEN 

1 Oam- 6pm 

CLOSED 

SUN&MON 
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PLANS— All Parts Available in Stock 
LC5 BURNING CUTTIG C02 LASER . . , S20.00 

RUB3 RUBY LASER RAY PISTOL 20.00 

BTC5 1 .5 MILLION VOLT TESLA COIL. . , 15.00 
PTG1 PLASMA TORNADO GENERATOR 10.00 

GRA1— GRAVITY GENERATOR 10.00 

MAGNETIC CANNON PROJECTOR 10.00 



I KITS — Includes Plans and Parts 

|» LHC2K SIMULATED RED/GRN.'YEL LIGHT 

LASER 34 50 

BTC3K 250,000 VOLT TESLA COIL ... 159.50 
I • 10G1K ION RAY GUN 109.50 

• PSP3K PHASOR SHOCK WAVE PISTOL 49.50 

I • STG1K— STUN/PARALYZING GUN 39 50 

I • INF1K INFINITY TRANSMITTER 134.50 

|» MFT1K 2-3 MILE RANGE FM VOICE 

XMTR PC BOARD 49.50 

[ASSEMBLED AND TESTED PRODUCTS 
| • LGU30 RED 1MW PORTABLE HENE 

LASER 34950 

| • TCL30 SOLID STATE TESLA COIL 35KV 84.50 

IPG50 POCKET PAIN FIELD GENERATOR 54.50 
I • BLS10 BLASTER DEFENSE WEAPON . 89.50 

• ITM10— 100KV SHOCK AND STUN GUN 99.50 

• PPF10 PHASOR PAIN FIELD PORTABLE 249.50 

• SNP20 SECURITY PHONE LISTENER 99.50 

• CATALOG CONTAINING DESCRIPTIONS OF 
ABOVE PLUS HUNDREDS MORE AVAILABLE FOR 

I $1.00 OR INCLUDED FREE WITH ALL ABOVE OR- 
DERS 

PLEASE INCLUDE £3.00 PH ON ALL KITS AND 
PRODUCTS. PLANS ARE POSTAGE PAID. SEND 
I CHECK. M0, VISA. MC TO: 



INFORMATION UNLIMITED 

P.O. BOX 716, DEPI N1 AMHERST, HH 03031 



THE BEST PLACE 10 BUY, SELL or 
TRADE NEW and USED EQUIPMENT 

NUTS & VOLTS MAGAZINE 

BOX 1 1 I I -E . PLACENTiA, CA ?I670 

(714) ii..<72l 

Join Thousands of ft#.atf*.n NlLicnwIdje 

Every Month 

ONE YEAR US SUBSCRIPTIONS 

ilO.OO ■ JnJ Claai ■ SI5.M ■ lit Q ui 

fift SJS.0O ■ Lifetime ■ Jrd Clan J 



HAHOfaJt 
COHnJTEU 
SOFTWARE 

,-AHHIP'. 'OPTICS 

Tear ecajifhikt 
HKatowava 

SATELLITE 

AUDIO VISUAL 

*«W PHOOUCTS 

COHeOMEHTt * KlTJ 

ANTIQUE ELECT. 

eueAJCATIOHI 
FU«S ■ HeviCIE 



LINEAR PARTS— transistors: MRF454 $15, 
MRF455 $12, MRF477 $11, MRF492 $16,75, 
MRF421 $22.50, SRF2072 $13, SRF3662 $25, 
3800 $18.75, 2SC2290 $19.75, 2SC2879 $25. 
Tubes: 6KD6 S10.50, 6LQ6 $9.75. 6LF6 $9.75, 
8950 $16.75. Best prices on Palo mar road noise 
mics. Ranger AR3300. New 16 page catalog listing 
radio/amplifier tricks — channel modification, PLL- 
sliders, peaking for range, hard-to-find linear 
parts— mail $1.00 to: RFPC, Box 700. San Marcos. 
CA 92069. For same day parts shipment, call (619) 
744-0728. 

CABLE dealers — Get your free catalog for the best 
buys on quality cable equipment. Most prices too 
tow to print. N-12 Mini Code $100.00. S.B. 2 or 3^ 
$99.00. Trimodes are the special of She month 
$100.OO. Hamlin MW t200 $89,00. Extra remotes, 
cable converters, Pioneer Jerrold, Viewslar, Star- 
con.. Video Switcher. All products guaranteed 90 
days. We accept MC, VISA. CODS. Call or write for 
your tree catalog today. (402) 331-4857. M.D. 
ELECTRONICS, 5078 South 108th. Suite 115. 
Omaha, NE 68137. 

PIONEH-Scientific Atlanta-Jerrold Panasonic— 
Hamlin — Wireless converters all new original man- 
ufacturers warranted. Try our new converter repair 
facility we are the best. (718) 459-5088. 

CABLE TV converters. Scientific Atlantic, Jerrold, 
Oak, Zenith, Hamlin. Many others. Visa & MC. 
accepted. Toll free 1(800) 826-7623. B&B INC., 
10517 Upton Circle, Bloomington. MN 55431. 

CABLE TV equipment, All major brands. Spe- 
cializing in Scientific Atlanta. Jerrold. and Zenith, 
Add-o ns . Our units have wo rked whe re oth ers have 
failed. CODS accepted. Send $2.00 for catalog to 
K.D. VIDEO, P.O. Box 29538, Mips., MN 55429. 

CABLE television converter, descrambter 
and wireless remote control video equip- 
ment accessories catalog tree. CABLE DIS- 
TRIBUTORS UNLIMITED, 116 Main Road, 
Washington, AR 71862. 

CABLE-TV converters and descramblers. Low 
prices, quality merchandise, we ship C.O.D. Send 
S2.00 for catalog. CABLETRONICS UNLIMITED, 
P.O.Box 266, South Weymouth, MA 02190. (617) 
843-5191. 

ZENITH SSAVI descrambter, UHF type. Units 
working when removed from service but sold as is 
with schematic $105.00 DtNGMAN ELEC- 
TRONICS. Box 40645 Redford, Ml 48240. 

TUBES 90% off, name brands, send stamped self- 
addressed envelope. GRAY, 4415 Indianapolis, 
East Chicago, IN 46312. 

ATTENTION looking for surplus test equipment sig- 
nal generator voltmeter oscilloscope. J.B. ELEC- 
TRONICS, 9518 Grand, Franklin Park. IL 60131. 

DECODE nearly any gated pulse signal with our 
new super simple circuit. Works on In-band. Out- 
band. AM or FM pilot tone — use wilh Hamlin, Jer- 
rold. Sylvania. Complete plans and theory only 
$13.50 plus $1.50 P&H. ELEPHANT ELEC- 
TRONICS INC., Box 41865-J. Phoenix, AZ B5O80. 
(602)581-1973. 

ZENITH modules 9-1 51 -3C $55 including shipping. 
STARLINK, INC., 2603 Artie, Suite 16, Huntsville, 
AL 35805. 

INTEL, RCA, National, OKI, SGS, and more. Fac- 
tory prime and surplus parts catalog. LYNBAR IN- 
DUSTRIES, 205 Main, Box 822, St. Joseph. Ml. 
49085-0822. 

FREE semiconductors catalog, gift with purchase. 
CM. ELECTRONIQUE, Dent. RE. P.O.Box 243. 
Laprairie, Quebec, Canada J5R3Y3. 

Electronic Projects, Components, PCB Supplies, 
Test Instruments. Oscilloscopes $219.00, Multi- 
meters $7.95, Power Supplies $69.95. Resistors H 
2 YEAR GUARANTEE. Call or send SASE for free 
catalog - T.O.R.C.C.O, 1131 Tower. Schaumburq 
Illinois 60195, (312) 490-1374. 



TUBES: "oldest", "latest". Parts, components and 
schematics. SASE for list. STEINMETZ, 7519 
Maplewood Ave, RE. Hammond, IN 46324. 



PLANS AND KITS 



CATALOG; Hobby* roadcasting/1 750 meters/ham/ 
CB: transmitters, amplifiers, antennas, scramblers, 
bugging devices, more! PANAXIS, Box 130-F3, Par- 
adise. CA 95969. 

BUILD this five digit panel meter and square wave 
generator including an ohms, capacitance and 
frequency meter. Detailed instructions $2 50 
BAGNALL ELECTRONICS, 179 May, Fairfield. CT 
06430. 



CB MODIFICATIONS 



Increase channels, range, privacy! We specialize 
in frequency expanders, speech processors. FM 
converters, PLL & slider tricks, how-to books, 
plans, kits. Expert mail-in repairs & conversions. 
16-page catalog $2, Our 11th year! 



CBC INTERNATIONAL. P.O. BOX 31500RE 
PHOENIX. AZ 85046 



VOICE disguisers! FM bugs! SWL active antenna, 
receivers, more! Send stamped envelope; XANDI, 
Box 25647, Dept. 60 J, Tempe, AZ 85282. 

JERROLD gated pulse theory. Twelve information- 
packed pages covering Dl & DIG converter opera- 
tion. Includes introduction to trimode system. $6.95 
plus $1.50 postage and handling. ELEPHANT 
ELECTRONICS, INC., Box 41865-J, Phoenix, AZ 
85080. (602) 581-1973. 

PROJECTION TV... convert your TV to project 7 foot 
picture. Results comparable to 32,500 proj- 
ectors... Total cost less than $30.00 plans and 8" 
lens $21. 95. ..Illustrated information free... 
MACROCOMA-GG, Washington Crossing, PA 
18977. Creditcard orders 24hrs. (215) 736-3979. 

TOP QUALITY imported, domestic kits, surplus. 
discount electronics, computer components. Free 
catalog. TEKTRASONIX, 1120 Avenue ol the Am er- 
icas, 1/fl suite 4038, New York, NY 10036. 




WRITE FOR 

McGEE'S 



SPEAKER & ELECTRONICS CATALOG 

1001 BARGAINS IN SPEAKERS 

toll free 1-800-346-2433 for ordering only. 

1901 MCGEE STREET KANSAS CITY. MO. 64108 

CABLE television converter, deserambler 
and wireless remote control video equip- 
ment accessories catalog free. CABLE DIS- 
TRIBUTORS UNLIMITED, 116-P Main Road, 
Washington, AR 71862. 

VERIFY before you buy. Write for free introductory 
list of authentic blueprints of master circuits and 
accessories. CANPLAN (division FORTEBEC 
INC.), 4690- A Clark, Montreal, Quebec, Canada 
H2T2T4. 

Z-TAC only $175.00. Cable products. Satellite B- 
Boxes (Video/Audio). Parts, parts, parts. Quantity 
discounts. COD accepted: UPS daily. Call for infor- 
mation, free catalog. (804) 456-5505. AMCOM 
P.O.Box 68391, Virginia Beach, VA 23455. 

PROGRAMMABLE power supplies. Schematics 
and well written details are provided on several digi- 
tally programmable power supplies. Easy interface 
to PC or manual operation. $10 PPD. BELL, TO Box 
2411, Clarksville, TN 37042. 

SATELLITE descrambllng manual, Video Cypher 
II. Schematics and thorough explanation ol digital 
audio encoding, (HBO, Cinemax, Showtime, Fan- 
tasy, Extasy) $10.95. For immediate delivery add 
$1.00 CABLETRONICS, Box 30502R, Bethesda, 
MD 20814. 
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SCIENTIFIC 

ATLANTA 

UNITS 

LOWEST 

PRICES 

ANYWHERE! 



* 



CABLE-TV 




WE L L MA TCH OR BE A T ANYONE'S 
ADVERTISED RETAIL OR WHOLESALE PRICES! 



ITEM 



RCA 36 CHANNEL CONVERTER (CH. 3 OUTPUT ONLY) 



PIONEER WIRELESS CONVERTER (OUR BEST BUY) 



LCC-S8 WIRELESS CONVERTER 



JERROLD 450 WIRELESS CONVERTER (CH. 3 OUTPUT ONLY) 



SB ADD-ON UNIT 



BRAND NEW — UNIT FOR SCIENTIFIC ATLANTA 



MINICODE(N-12) 



MINICODE (N-12) VARISYNC 



MINICODE VARISYNC W/AUTO ON-OFF 



M-35 B (CH. 3 OUTPUT ONLY) 



M-35 B W/AUTO ON-OFF (CALL FOR AVAILABILITY) 



MLD-1 200-3 (CALL IF CH. 2 OUTPUT) 



INTERFERENCE FILTERS — CH. 3 



JERROLD 400 OR 450 REMOTE CONTROLLER 



ZENITH SSAVI CABLE READY jDEALER PRICE BASED ON 5 UNITS) 



SINGLE 
UNIT 
PHICE 



29.95 



88.95 



92.95 



105.95 



DEALER 
10-UNIT 
PHICE 



1 8.00 ea 



72.00 ea 



76.00 ea 



90.00 ea 



109.95 58.00 ea 



Call (or specifics 



109.95 58.00 ea 



119.95 



179.95 



1 39.95 



199.95 



109.95 



24.95 



29.95 



225.00 



62.00 ea 



1 1 5.00 ea 



70.00 ea 



1 25.00 ea 



58.00 ea 



14.00 ea 



18.00 ea 



185.00 ea 



SPECIFY CHANNEL 2 or 3 OUTPUT 



Other products available — Please Call 



Quantity 


Item 


Output 
Channel 


Price 

Each 


TOTAL 
PRICE 
































































SUBTOTAL 




from shipping any cable descrambling unit 
to anyone residing in the state of California. 

Prices subject to change withoul notice. 


Shipping Add 
$3.00 per unit 




COD & Credit 
Cards — Add 5% 




PLEASE PRINT 


TOTAL 





Name 



Address 
State 



-City. 



□ Cashier's Check 

Acct * 

Signature 



Zip 

□ Money Order 



. Phone Number ( ) 
□ COD □ Visa 
Exp. Date 



D Mastercard 



FOR OUR RECORDS: 

DECLARATION OF AUTHORIZED USE — I, the undersigned, do hereby declare under 
penalty of perjury that all products purchased, now and in the future, will only be used on cable 
TV systems with proper authorization trom local officials or cable company officials in 
accordance with all applicable federal and state laws. 



Dated:. 



.Signed:. 



Pacific Cable Company, Inc. 

7325V2 RESEDA BLVD., DEPT. R-03 • RESEDA, CA 91335 
(818)716-5914 • No Collect Calls • (818)716-5140 



IMPORTANT: WHEN CALLING FOR INFORMATION 

Please have the make and model # of the equipment used in your area. Thank You 



10: 



Learn TV/VCR Repair 

Now you can tram at frame in your spare time for a money- 
making career in TV/VCR Repair. No previous experience 
necessary. No peed to quit your job or school. Everything s 
explained in easy-lo-undersland language with plenty ol draw- 
ings, diagrams and photos We show you how to 1 roubles hoot 
and repair video cassette recorders and TV sets, how to handle 
house calls and shop repairs for almost any make ot television or 
VCR. Tools are included with your course so you can gel 
"hands-on" practice as you follow your lessons step by step. 
Send for free fads about the exciting opportunities in TV/VCR 
Repair and find out how you can start making money in this 
great career MAIL COUPON TODAY! 

ICS|sclil]fJL~r^v7v'cR"fTEPAtR l DepLDE027 — 

l; 5ihfc ti»n|$cramon. Pennsylvania 18515 
I Please send me full information and color brochure on how I can 
| learn TViVCR Repair at home in my spare time. I understand 
■ there is no obligation and no salesman will visit me. 

I Name Ago 



I Address. 



.Apt#_ 



I Clty/State2lp 

I Phone | U 



MASTERCARD AMD VISA are now accepted 
for payment of your advertising. Simply 
complete the form on the first page of the 
Market Center and we will bill. 



CABLE TV 



Zenith. Jerrold, Sci-Ailanla. Oak — many others. 
Avoid coslty rentals ol conveners — buy direel — 
FrM illustrated catalogue — Call for wholesale pricing 

APARE INDUSTRIES t-31K7P£009 
3555B Grand River, Suite 255. Farmmglon, Ml JB02J 



CABLE TV converters: Jerrold Products in- 
elude "New jerrold Tri-Mode." SB-3, 
Hamlin, Oak VN-12. M-35-B, Zenith, Mag- 
navox, Scientific Atlanta, and more. (Quan- 
tity discounts} §0 day warranty. Service 
converters sold here. For fast service 
C.O.D. orders accepted. Send SASE (60 
cents postage) or call for info (312) 
658-5320. Midwest Electronics, Inc./, HIG- 
GINS ELECTRONICS, 5143-R W. Oiversey, 
Chicago, IL 60039 . MC Visa orders accept- 
ed. No Illinois orders accepted. 

TELEPHONE bug, FM room bug schematics with 
detailed construction procedures using Radio 
Shacks numbered parts. Bolh, $6.00. Receivers 
available. SHEFFIELD ELECTRONICS, 7223 
Stony Island, Chicago, IL 60649. 

STRANGE stuff. Plans, kits, new items. Build satel- 
lite dish $69. Descramblers, bugs, adult toys. Infor- 
mational photo package $3.00 refundable, DlfllJO 
CORPORATION, Box 212, Lowell, MC 28098. 

OESCR AMBLE the latest video cassette copy pro- 
tection scheme. Our simple Line Zapper circuit 
takes the jitter out of your picture. Complete plans 
and theory only $13.95 plus $1 .50 postage and han- 
dling. PC board and complete kits also available. 
ELEPHANT ELECTRONICS, INC., Box 41865-J, 
Phoenix. AZ 85080. (602) 581-1973. 

HI-FI speaker systems, kits and speaker compo- 
nents from the world's finest manufacturers. For be- 
ginners and audiophiles. Free literature. A&S 
SPEAKERS, Box 7462R, Denver, CO 80207. (303) 
399-8609. 

DESCRAMBLING, new secret manual. Build your 
own descramblers for Cable and Subscription TV. 
Instructions, schematics for SSAVI, gated sync, 
sinewave. (HBO, Cinemax, Showtime, etc.) $8.95. 
For immediate delivery add $1.00. 
CABLETRONICS, Box 30502R, Bethesda, MD 
20814. 



A SINGER'S DREAM! 



CALL FOR FREE CATALOG 
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TEXT TO SPEECH BOARD! 

PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK! 

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE NEW GENERAL 
I N ST R U M ENTS S P02S6 -ALI! S PE ECH CH 1 P AN D TH E CTS25«A-AL2 TEXT TO SPEECH 
CONVERTER. 

THIS BOARD USES ONE SLOT ON THE 
MOTHERBOARD AND REQUIRES A COM 
SERIAL PORT. BOARD MAY ALSO BE USED IMA . , 

STAND ALONE ENVIRONMENT WITH ALMOST 
ANY COMPUTER THAT HAS A RS23I SERIAL 
PORT. FEATURES ON BOARD AUDIO AMP OR 
MAY BE USED WITH EXTERNAL AMPS. 
DEMONSTRATION SOFTWARE AND A LIBRARY 
BUILDING PROGRAM ARE INCLUDED ON A 5'/. 
INCH PC/XT DISkETTE. FULL DOCUMENTA- 
TION AND SCHEMATICS ARE ALSO INCLUDED. 






*69. 
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COMPLETE 
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NEW! 
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s 89. 

ASSEMBLED 
a TESTED 



HARD DISK CONTROLLER CARD 

THE FANTASTIC KONAN KDC-230. WITH MANUAL, SUPER EASY 

TO CONFIGURE AND USE. FOR PC/XT. 

HALF SIZE PCB. ■»" — ADO tS-00 FOR CABLES 



PC/XT EPROM 
PROGRAMMER 

$199 



mu 
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* LATEST DESIGN* PROGRAMS UP TO 4 DEVICES Ar UNE HUE . r- MATURES EASY 
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR MS-DOS. * USES AN 
INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER FAST (SXl EPROM 
BURNING. * THIS PLUG-IN BOARD ATTACHES TO AN EXTERNAL MINI CHASSIS 
CONTAINING. 4 TEXTOOL Z.I.F. SOCKETS. * NO PERSONALITY MODULES 
REQUIRED * AUTOMATIC VPP SELECTION: 125V, 21 V, OR 25V, * EPROM DATA CAN 
ALSO BE LOADED FROM OR SAVED TO A DISkETTE. • PROGRAMMING, SOFTWARE 
SUPPORTS: 2716. 2732, 2732A, 2764, 2764A, 27129, 271 2SA, 27256, 272S6A.2T512, AND 
27512A. » ASSEMBLED AND TESTED, BUrNED. IN WITH MANUAL. S199 WITH 
SOFTWARE. 



Digital Research Computers 

(OF TEXAS) 
P. O. BOX 381450 • DUNCAMVILL6, TX 75138 • (214) 225-2309 



TERMS: Add 53,00 postage We pay balance. Orders under $16 add 76c handling. No 
C.O.D. We accept Visa and MasterCard. Texas Re*, add S-I/B'.a Tan. Foreign orders 
rexcepl Canada) add 20* a P & H. Orders over S50 add 656 lor insurance. 




One tree can make 
ifiOO0OO matches. 



r 



One match can burn 
3.00QOOO trees. 



REMOVES VOCALS FROM RECORDS! 

Now You can sing with the world's best bands! 
The Thompson Vocal Eliminator can remove 
most or virtually all of a lead vocal from a standard 
stereo record and leave the background! 

Write or call for a free brochure and demo record. 

LT Sound, Dept. R-l, P.O. Box 33B, 
Stone Mountain, G A 30086 (404) 493- 1 25S 



TV-stereo kit — easily converts your TV/VCR to re- 
ceive the new MTS stereo sound. True stereo not 
simulation. $43.95 information — SASE. DPI, Box 
150, Elmont, NY 11003. 

LISTEN to hidden subcarriers on FM receiver. Plans 
$6.95 with PC/brd $15.95, D&B, Box 1258, Bru- 
ceville, TX 76630. 

FREE microprocessors, memory chips, etc. Free 
electronics magazine subscriptions. Free education 
in computers. For information write MICROSAT 
CORPORATION, 2401 N.E. Cornell, Bldg. 133, 
Hiltsboro. OR 97124. 

DIGITAL audio recorder Commodore-64. Excellent 
Sound! Plans, P.C.B,. & drum software: $19.95. Kit 
$49.95. Postpaid, order now!! TAD PAINTER, P.O. 
Box 166055, Irving. TX 75016. 

SCHEMATIC and theory for third brake light. Send 
$2.00 to BILL SHAFER, Box 107, Gas City, IN 
46933. 

SAVE 75%— build your own 68000 or IBM compati- 
ble computer — easy. Free details. DIGATEK COR- 
PORATION, Suite 175, 2723 West Butler Drive, 
Phoenix, AZ 85051. 

HOBBY, educational, industrial products. 70 
kits. Amplifier, FM transistor, VU meter, door bell, 
alarm system, power supply. Send $3,00 to HOBBY 
ELECTRONIC, P.O.Box 1339, Claremonl, NH 
03743, or call (603) 543-0033. 



EDUCATION & INSTRUCTION 

CASSETTE recorded home study for new general 
class FCC license examinations. Also broadcasting 
and cablevision courses. BOB JOHNSON TELE- 
COMMUNICATIONS, 1201 Ninth, Manhattan 
Beach, CA 90266. 

FCC commercial general radiotelephone license 
correspondence course. 60 individual lessons for 
$89.50. Payment plan. Results guaranteed! Details 
free. AMERICAN TECHNICAL INSTITUTE, Box 
201, Cedar Mountain, NC 28718. 

HOME study course for class! license. Send $12.00 
to KATHLEEN LAWSON, 2024 Pine Ave.. Niagara 
Falls, NY 14301. 



WANTED 



INVENTORS! AIM wants— ideas, inventions, new 
products, improvements on existing products. We 
present ideas to manufacturers. Confidentiality 
guaranteed. Call toll free 1 (800) 225-5800 for infor- 
mation kit. 

INVENTIONS, ideas, new nroducts wanted! Indus- 
try presentation/national exposition. Call free 1 (800) 
528-6050. Canada, 1 (800) 528-6060. X831. 



PRINTED CIRCUIT BOARDS 

Low Quotes, High Quality. Quick Service. Single, 
Double sided. Multilayered Boards. Prototypes 
through Production Quantities. Design/Layout Ca- 
pabilities, Board Assembly/ Project Enclosures/ 
Turnkey Facilities. Call or write for quotes and info. 
T.O.R.C.C.C., 1131 Tower, Schaumburg, Illinois 
60195,(312)490-1374, 
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BUSINESS OPPORTUNITIES 

MECHANICALLY inclined individuals desiring 
ownership of small electronics manufacturing busi- 
ness—without investment. Write: BUSINESSES, 
92- R, Brighton 11th, Brooklyn, NY 11235. 

YOUR own radio station! AM, FM, TV, Cable, Li- 
censed/unlicensed. BROADCASTING, Box 130- 
F3, Paradise, CA 95969. 

PROJECTION TV. ..Make $$$s assembling proj- 
ectors.. .easy... results comparable to $2,500 proj- 
ectors. Total cost less than $30,00. Plans, 8" lens 
and dealers information $20.50, Illustrated informa- 
tion free. MACROCOMA-GGX, Washington Cross- 
ing, PA 18977. Creditcard orders 24hrs. (215) 
736-2880, 



ELECTRONIC 
ASSEMBLY BUSINESS 



Start home, spare time, investment knowledge or 
experience unnecessary. BIG DEMAND assem- 
bling electronic devices. Sales handled by profes- 
sionals. Unusual business opportunity, 

FREE: Complete illustrated literature 

BARTA. RE-0 Box 248 
Walnut Creek. Calif. 94597 



8 USINESS-residential burglar alarms Booming 
business. Get in now. Information $2.00. DYNAM- 
IC SECURITY, P.O.B. 1456-K Grand Rapids, Ml 
49501. 

EASY, lucrative. One man CRT rebuilding machin- 
ery. Free info: (815) 459-0666 CRT, 1909 Louise. 
Crystalake. IL 60014. 



DO IT YOURSELF TV REPAIR 

NEW.. .repair any TV.. .easy. Retired serviceman 
reveals secrets. Write, RESEARCH, Rt3, Box 
601BR, Colville, WA 99114. 



Multi-Ctiannel Microwave T.V. Receivers 



1.9-?.7GHz Parabolic U I Sh 40* dS Gain 

LIFETIME WARRANTY 
Complete System S89.95 (Shipping Incl.} 
Dealer Rates, Replacement Components 

& Expert Repairs Available 

K & S Et ECTRON ICS Gj 1 1 ri m ta r s i m ■ 

P.O. BOX 34522 % ihlpmnji! 

PHOENIX. AZ B5067 1602)230-06411 

vis A / M C /COD $2 credit on phone orders! 




SATELLITE TV 



CABLE TV Secrets — the outlaw publication the 
cable companies tried to ban, HBO, Movie Channel, 
Showtime, descramblers, converters, etc. Sup- 
pliers list included $8.95. CABLE FACTS, Box 711- 

R, Pataskala, OH 43062. 

SATELLITE systems $349 up VISA/MC available. 
Catalog $3.00. STARLINK, INC., 2603-16R Artie, 

Huntsville, AL 35805. 

SATELLITE TV receiver kits, LNA's, instructions, 
schematics. Send stamped envelope: XANDI, Box 
25647, Dept. 21 L, Tempe, A2 85282. 

OAK Orion "Turn-On" modifications: "Chip kit" or 
"Remote keypad." details— $1.00, N AS-SAT, Box 
5261, Long Beach, CA 90805. (213) 631-3552. 

VIDEOCIPHER II. descrambhng manual S10.00; 
offset printed set of schematics $10.00; free set of 
DeSug members "special" video and audio "work- 
ing schematics" with $20.00 order; PON DEROSA 
COMPANY, (303) 634-6666, 



PRINTED-CIRCUIT BOARDS 

CIRCUIT boards, double and single sided with 
plated through holes. Cad/cam artwork design. 
Sm Artwork and EE/designer supported. Competi- 
tive pricing. EXPRESS CIRCUITS, 314 Cothren 
Street, P.O. Box 58, Wilkesboro, NC 28697. (919) 
667-2100, 



Pay TV and Satellite Descrambhng 
All New 6th Edition! 



100 pages. The most complete source of descram- 
bling information available. Theory and schematics 
lor the most popular cable and satellite systems. 
Bypasses, detection of illegal decoders, pilolless, B- 
VI AC etc. Free Videocipher update. Material not in 
magazines, 5T4.95, Cable TV, 2 way systems, elc. for 
those interested in dsscrambling $12.95, MPS' 
MMDS Handbook , Terrestrial microwave hackers. 
$12.95. New edition. Experiments wilh Videocipher, 
For hackers $12.95. Build Satellite Systems under 
SfeQQ. $11.95. Any 3V526. New calalog Si . Torn bits for 
cable boxes any size $9.95 



Shojiki Electronics Corp., 1327R 
Niagara St., Niagara Falls, NY 
14303. COD'S 716-284-2163 



INVENTORS 



INVENTORS! Can you patent and profit from your 
idea? Call AMERICAN INVENTORS CORPORA- 
TION for free information. Over a decade of service. 
1 (800) 338-5656. In Massachusetts or Canada call 
(413) 568-3753. 



SCIENTIFIC ATLANTA & TOCOM 

SCIENTIFIC Atlanta cable converters (original 
units), models — 8500 and 8550, remote con- 
trol... $200. 00. Tocom and Zenith descramblers 
available. Guaranteed. N.A.S., (213) 631-3552. 



TRI-MODE/BI-STATE 

TRI-mode/bi-state interface for SB units. Complete 
kit includes PCB, 6 I.C.'s. all parts and instructions. 
S25.00 postpaid. ARUS ELECTRONICS, P.O. Box 
662. Chappaqua, NY 10514. 



TEST INSTRUMENTS 



High Quality 
Lowest Prices 
Off-The-Shelf 



/- 




V&JJi MINI-METERS w/MAXISPECS 

SCOPE V/t Digit LCD 

with 8 Full Functions 

Model 
DVM-632 

Deluxe test leads included 

• 0.5% accuracy • Transistor 
gain test » Audible continuity 
checking & diode test 

• 10 Amp measurement 

i SCOPE 3% Digit LCD 
Multimeter 



Model 
DVM-630 



$2995 



Test leads included • 0.5% 
accuracy • 6 functions, 
1 9 ranges ■ Automatic zero 
II adjust • Low battery indication 
|j 'Measures 5" x234"x%"" 

B&K 20 MHz Dual Trace 
I £j rt 

Probes included • 20 and 26 
MHz band widths • TV V and 

TVH • X-Y operation • Trace rotation: adjustable 

front panel • Channel 1 output 





SCOPE 3 1 /2 Digit Capacitance 

Model 

DCM-602 

Test leads included • S ranges wilh full 
scale values to 2000 uF • LSI circuit 
* Crystal time base • Frequency range 
800 Hz to 8 Hz 

I SCOPE 3 1 /2 Digital Multimeters 

f Model 

I DVM-638 

A Test leads included • 1 1 function, 38 
|\ ranges • Logic level detector • Audible 
/visual continuity • capacitance and 
conductance measurement. 
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Model 

DVM-634 
• 7 function, 32 ranges 
■ Transistor measurement 



'48 



$62« 



Model 
DVM-636 

• 3 function, 37 ranges 

• Capacitance measurement 



| SCOPE Pocket Sized Audio 



Signal Generator 

Model 
RC-555 

Test leads & 9V battery included • Low 
distortion sins-wave signal * 46 step 
selected frequency • x1 range 20 Hz to 
1.5 KHz/xlOO range 2KHzto 150 KHz 





$21995 



HITACHI 35 MHz Dual Trace Oscilloscope 

Model V-3S5 $£Qu95 

(Reg. *899.95) VVV 

Probes included 'Thin, lightweight, 

compact • Large 6" rectangular, 
internal graticule CRT • Autofocus 

FORDHAM Sweep Function Generator 

Model FG-801 
(Reg. '289.95) 

Test leads included • 7 frequency 
ranges, 0.2 Hz to 2 MHz • Accuracy 
to ±5% 

FORDHAM 550 MHz Frequency Counter 

. Model FM-8 

!(Reg. *249.95) 
Completely assembled, pre-tested, 
- precalibrated • High intensity B-digit 
LED display 

SCOPE 4</: Digit LCD 
Bench Digital Multimeter 

Model 
DVM-6005 

Test lead set & 6 "D" size batteries included • 0.4" high 
characters * Conversion period: 500 milliseconds 

• Automatic, negative polarity 




JTl Phone orders accepted. ^ fa tf I g //%jgj r &%& g 



Fordham ^800-645-9518 

260 Motor Parkway, Hauppauge, NY 11788 tn New York state 800-832-1446 



Service & Shipping Charge Schedule 
Continental U.S.A. 

FORORDERS ADD FOR ORDERS ADD 

S25-100 ... MS0 S751-1.000. . .SI2.50 

S101-250 «D0 $1,001-1500. . J1G.50 

$251-500 . SS.00 It .50 1-2,000 . . . S20.00 

S501-750 $10.90 (2.001 and up S25.00 



> 

O 
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COCO II UPGRADES (PARTS) 

COCO 1! upgrade kits, RGB interface, 256K memo- 
ry, etc. Electronic parts all types — free catalog. 
INVENTIVE SOLUTIONS, P.O. Box 286, Stan- 
foraville, NY 12506. 



CABLE-TV DESCRAMBLING 
CABLE television converter, deserambler, 
and wireless remote control video equip- 
ment accessories catalog. Free. CABLE 
DISTRIBUTORS UNLIMITED, 116-C Main 
Road, Washington, AR 71862. 

BRAND new Oak vari-sync deseramblers $45.00 
each; Oak automatic on/off $75.00: SB-3 $89.00; 
Tri-mode $125.00; Bi-state $125.00; Scientific Atlan- 
ta $125.00; Hamlin $75.00; Zenith cable $175.00; 
Starcom VI $125.00; Oak Sigma $175,00; also 
schematics, service manuals, deserambler infor- 
mation booklets; catalog $3.00; call us, we ship 
units UPS COD, PONDEROSA COMPANY, (303) 
634-6666. 



CABLE-TV 

DEALERS wanted: channel 2, 3, and 4 notch filters. 
Money back guarantee. Send $15.00 for sample 
and quantity price list. Specify channel(s). GARY 
KURTZ, Box 291394, Davie, Ft 33329. 



EPROM PROGRAMMING 

FREE catalog. Your software/data installed in 
EPROM of your choice. Fast, low cost service. 
Write/call: ROMULUS MICROCONTROL, Dept. A, 
Box 8669, Hockvtlle, MD 20856. (301) 540-8863. 




Open your eyes and see 
just how many subjects are 
covered in the new edition 
of the Consumer Informa- 
tion Catalog. It's free just for 
the asking and so are nearly 
half of the 200 federal publi- 
cations described inside. 
Booklets on subjects like fi- 
nancial and career plan- 
ning; eating right, exercis- 
ing, and staying healthy; 
housing and child care; 
federal benefit programs. 
Just about everything you 
would need to know. Write 
today We'll send you the 
latest edition of the Con- 
sumer Information Catalog, 
which is updated and pub- 
lished guarterty. It'll be a 
great help, you'll see. Just 
write: 

Consumer Information Center 
Department TD 
Pueblo, Colorado 81009 

A public service ol this publication 

and the Consumer Information Center ol the 

US General Services Administration 
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TOKO COILS FOfl FSB ISM TV PROJECT 
Ttfco is BKAK-K55S2A30fl2K #E520HN-MM023 
!, 07 1 uH) 4 L-2( 12uH) Forad. 1 Set Of * Pet 6.00, 3 Seta 
ifi.Ofl 10 Sets ■•-t, 00 
DtDd* Att't-65 Pet Total-include* 1MI4Q VH9X* 

1M4004, 1NJ.G0? 1.(5 

Zener Aaj'i-G5 pes Tolal-lncludes Minimum 3 

DSflerarH 1W Device* 1.BS 

LED Ass'l-Jum&g. Medium. Mini. Hod, Green And 

Amgor-25 PC* 1.K 

Resistor An' l-l 000 Pea 3$ values Minimum Popular 
Values I, IK. 10K, 100KJindiud#d. Mostly lM ( 1/2W. 
Soma 1 3, 2W. Lota Of Predate™. Carton Film, Taped 

And Reeled For E**y Sortirifl --SlKS 

Regulator An'1-f Pet Include? 7805, 7106, 
7B12. 7024, 700S. 791 2 & LH359K I.3J 

LM317T AdpJt1*6t» Rag (#6630196) 76 

Mica Insulator* For TO-220. Material. 2QM.0O 

Self Atthaalvt flkttrfrar SmppinQ-C -m Tc Any Ltnfllht 

Vou ChOcca (3M-Bumpon). 3 Fee1/2M. i Q f eeUS OO. 

SOFeet/M.M. 

Jumper Plugs (C«mbcn>MUka To Mala For B/a^dtxMrd 

6 COnnectO** 1GV1.25 

7400 TTL Ae-s '[-SO Pea , Minimum 1 D Oil \b:Q n\ DtviC* 
Typaa (7410,33,43,74,92 Ele>2-9S 

74 LSXX Au'l-20 PC*. Minimum T5 DlHarem 
Davie* Typai (L £02.0* ,K. 1 , 1 I Eic)-2 95 
4000 CMOS Aii'l- Minimum B Different Device 
Types {40QU1 1,49,61 £te)-M Pe*/3.75 

LINEAR IC'S 

LM 324-3^1.00. LM339 — 2/1,00, LM3S0 jULNHSO) 
.65. LM3fl6-1.50, M EbiS--1 >■ 1 . CO, LMMMH 00. 
LM7-t1 .'-/I Gfj. MCI 330 £M.Q0. MC1 39*2/1 .00. 
MC1 458- 4/1.00 

TRAN9JSTOftS 

PH2222A-1O/S.O0, 2NZ904 rjO-38) 4.1 .00, 2N30S5 
(MOTO^I.M, 2N3S04-1&1.00, 9flaW-1tt1 00 Hi 

RatlaMrty YGM3 Sxkal (Augull . - . 90 

9VDC Wall Transformer, 500 Ma 2.35 

6.3V |.2A Transformer , 1,60 

12.6 VGT 1A „ 3lM 

7 (Sawn) Amp Tapped T nnstorner- 7 ./2TT5VAC Or 
auj j | VAC 6.95 
HuffirVSprte Sty> Fan »SU2C7 (EG AG Ftairartj. 3 1/2* 

Sq, 115V _MB 

Jumbo Red LED'a 181.00. lOOVB-OO 

Jum&et Green LBft 1DY1,» H 1 00.' 10 CO 

JumtW V«itow LEDs 10/1.40, 100/11.00 

Jum&o Ye*Ml*taer^ WifrRTAngf*&SledCW 

Feature* 10/1 BO, 100/12,00 

Mini Yellow HI Intensity With r>acraat, PaJa Blu* 
LarUCaa* Faalura 1 0/1 .60.100/1 200 LED Clp*n*unQi 

PorJumtW 15/1,00, 100/6,00 

SwIICh AM'l-SHdaa c Boch™,ToOBh .. 1C/1.9S 

DtacCap AaalflSplTa 47uP] 50/1.95 

Myltr Cap Au'1(.001uPTO.33uF) .. .25/1,95 

Dip Mka Aaa'g(ApprDK. 10 Valuta) 1S/1.K 

Adjualabla Coll/Flxtd Cfcto Ais'i KV1.95 

TrlAC (40OV 6A To-220). Tier21BA 2T1.00 

SCR (.SA 30V Tck92], TlC*W 571.00 



74SCXX SERIES IC'S 

LOW POWER, HIGH 

SPEED I5Q-CM0S(PIN 

COMPATIBLE TO LSXX 

& SIMILAR TO HCXX) 



74SC137 .... 


45 


74SC973 - . . 


.35 


74SC130 ... 


4fl 


74SC374 . . . 


60 


74SC139 ... 


60 


74SC533 . . . 


50 


74SC237 


60 


74SC534 , . . 


.... SO 


74SC239 - 


60 


74SC540. 


.. J» 


74SC240 . 


.. . .50 


74SC563, 


1.50 


74SC241 


00 


74SC564 . 


... .00 


74SC244 


... 35 


74SC573 


... 2.00 


T4SC245 .... 


.... .38 


74SC564. 


, , -2.00 


Dai a Bock For All Abo 


«#"i. 


250 



OtP IC SOCKETS 
a PIHi.07. 141 PIW.13. 16 Pf.f4r.lS. 1ft PIW.17. SO 
Pi H1 1 9. 33 PINi.21 , 34 PIN/.33, 28 P1N/.30, 40 PlW-39 

Z»ro Insatllon Taai Sockal 28 Pin 7.50 

MANdaiO-DwUa D.gil 7 Sagmanl Display. HI En.- 

ettney Hap 56' Comm Ann 1J2S 

MMS4S 1 - 1 * Sagmwil Dnw Chip 75 

1.5A 50V endpa (TO-5) , M 

6A 600V Bridga 5/5* Square 1 .00 

lQASOOVBridflpSffi- Squira l.lS 

25A 200 andgaj (Soldaf Lug Typl) 2-0O 

12VDC SPST Haad flatty PC Mounl .60 

Mini ToogJa DPDT [LoeK Latcft Feai^rol 75 

DPOT "Snap In" Htxhar \'/V\ 9ulb Sochart 95 

Push-Ltgltlod Switch {No Bulb) Off-Mom- 45 

Pushbutton DPST Off-Mrjm PC Mount . .... .3/1.00 

DMT Push Button $A 125V 06 

TPDT ,J Btt' ' Handlt TOflflJO (On Ofl On) 1,6ti 

DPDT RT Angle PC Toggle (On Or! Onjh 00 

LOW Fluid Laval □otttl&r Kn-Ptrta. PC Board 4 

Injunction* 4.9S 

11 LED Bar Graph Display. 2-3/4". Rectangular LED'a 

(Specify Red. Gr*an b Arnbtr) U(l 

Gtarrt Alpha Humane Dapky l-lffl* K 2" 7x 5(35 Taiafl 

ftad LED HMrfet ,<jBS 

Eledrotytie Cap Ass Wn cluda* 2„2uF 4 * 7gF. iO'jF. 
47uF, 220uF L 470uF. I.OOOuF. 3.300uF & Oman 
iVohipas & Load Connouraiiona Vary) 15 Pea 

Tola! 1.9B 

R*Wtor fW*c*K*Hiph CvWy Dip Cimurti tEactman. 

DaVj. Bourns} 5 Pca/6 Values- 2 00 

ConnaclVHeAdor Ati'i-fljUbon Cable, Edgacard, 

L, Sn*p-0*l" Haadara Etc 10 pea/3,95 

22uF 35V Solid TanEakim (KamaE) 4/1.00 

IQOuF 30V SotirJ Tanlalum (KemW) 3/1 00 

1 ,0O0uF 75V Axial 7H 

a.aOOu-F 50V Twlal Lock 1.00 

3.3O0UF 50V AKllI Lytic .75 

S.OOOuF 40V COffiputar Grada (Mallory) £50 

Monoliehic Cap Aia'l 25/1.95 

Cryiial Cloek OaeUlalOf 14.97W MK2 50 

UCN4 s lO&OSC.Fraq Dlv Clock IC 5/1.00 



Afct/FM Rad* IC WrData ShaM (#2204) 15/1-00 

2H3643 (TO-02 Silicon Gan Purp-NPNf , , .10/1.00 
Slide Pots-1 EachSOK. 100K.1.2M.2M.5M- 1 (JO 
ULN233I (Dalco DM50) Outl Prejmp IC . . . .2/1.00 

TMyimry? Bag »i Tha "OHM" Bag 1 00 

7My»lafy7 Bag} f2 The "Voft" Rap 1,00 

?Mysjery? Bap »3 Tna ■■Cafturf Bag 1.00 

?My*lery? Bap ** Tna "Fraquancy" Bag 1.00 

TMyslery? Bag f& Th« "Toiefanc*" Sag 1J» 

f*S Ralijirfti/EichinjM With Mystery Bags 

IC Storaga "Bug" Box 2 45 

Heavy Durty All.rjaic- Clips f 10 S*rj] 2.30 

Ftepulajr Alligator dip* {10 Sett) 1.BO 

Wlta Slrlppan (Spring: Loaded, Adjusl.) 2J5Q 

5" Needle Nose Piters {Spring Loaded) 395 

4 1/2' Diagonal CuRara (Spring Loaded) . . . .3.95 

Mu) Drlvar S*1 Fof 3/16". U**, 5/16' 3/2.00 

Jawatar's Scrowdrivcri (4 Pea) , . n . 2.65 

Daaordfring Pump (Solder Suekar) 4.O0 

PoplacomtiAL Tlpm For Solder Suokar 2/3.00 

25W Freciskm SolderlnQ Iron 5 00 

Safety Gopglaa 2.90 

Do-SoSdoring Brajd (5 Foot Roll? M 

Solder Aid Tool' Kfl (4 Pea) 3 00 

SoleHtring Iron Convaniance Stands 5/1.00 

Modal G10B Logic Probo (Panctl Type] IB 95 

Mcdai $200 Logic Puiaar (Panca Type) 15.95 

SVntchlng Power Supply-Plus & Minus 5 6 12 Vofts 

200W. By Conver 49.96 

Voltage Male Switching Rag^ator KM IB 95 

MRP3C1 (HocbyYCttj Ta=i) 10/1.00 

PHW PT10V 3flJ* HorizorrtaJ Mounl Trimpots 1 00 OMM. 
IK. 5K, 20K. 50K, 100K. 200K. 5WK. 1M. Singl* 

Tum r 4/1.00 

Multi Turn Precision Trimpols (Copal), 100 OH M . 500 
OHM. IK, 10K, 20K, 50K. tQOK, 1M. 1.00 EkH. 

7 Sogmant Dtapiay Aaat 672.75 

Zenith TV flaplacement IC Special 1.00 Each 251-42. 
£21-43. 221-48. 321*9. 221-79. 331-57, 221-96. 
221-104, 22M05. 221-105. 221-140. 

2SC 1 T72B fToahl WHorlj! Outpg? Trans)- 2.50 

MoiicrtD«aelorMcdt*a[lrxkrfa*ULN2232IC4Capi]. 

2.00 Each, 7/1Q.00, 25/25.00. 

Motion DnJKl. ULl^2233 IC Only 3/2.00, 20/10.00 

Black, PI aili-: Case For Detector 2.25 

Mlnlalusa SpaaJuv Pof Detector .76 

XN-3 Sotdedeai Breadboard- 1 .350 Tie-Point Matrix. 2 

Vert Dlat Buaaa 14.96 

Modal S&1Q5 Signal GafteraJor-20HzTa 150 kHi. Low 

Distortion. +6 Slop 45 95 

40 PIN IDC Ribbon CaWe Connector .40 

50 PIN IDC flibbdn Cable Connector 50 

35 PIN HT Angle "Snap Off H«adV jo 

14 PIN Haade/Fof Ribbon Cabla 3/1 .00 

.01uF 100V Mylar Cap 20/1.00 

.luF 200V Mylar Cap ij:i 00 

12prDue . .40/1.00 

18 p( Disc ,, 40/1.00 

.OOIuFDjsc 20/1.00 

O022uFDI« 40/1 -00 

.07uF 16V D.::. 30/IjOO 

9V BatEary Snaps -.7/1.00 

22 Or 27 AWO Wlra (Spadly) 50/1.00 



SUTZ EPROM PROGRAMMER KIT 

Attached. To Tha PifalW Pnnler Port Ol An IBM PC. 
XT. Or Compatible. The Blitz Programs 2716, 2732. 
2754, 271 2B, 6 37255 Eprornt Standard 5 Faal 

PnsgfjrftfnirHj AtgOnthms Supplied. Voltapa Selaclaila 
12.5V. 21V A 25V. DiaJurtl* lnduOsd Provide* Assembly 
Inslructjona a Pf^granunino; Procedural. Kil-$5fl.95. 
AtJ*rr.blOC-M B5 



Cyphsr IV Microcontroller Kit $129.50 

• 4 MHz. ®"6ii Mici'oprocesso' 
(NAT1NSB073) 

■ Conlrol Baaic snterpreter On- Chip 

■ Auto-Start Operalion At Power-On 
' Fast 1 6-Bit Multiply Ano; Divide 

• FtS-233. Supports CRT 1 Serial Link 

• 24 Si-Oireciionai I/O Lines (82S5A] 

• RAW Memoiy-2K Expandable Tc- 1 6K 

• Eprom Mnmory- Expandable To 16K 
*8uill In Eprom Programmer 

• Parr (Centronix) PrrntoT interface 

• Optfpnai Real-Time Clock W/Bachup 



Pay TV Ha rdwa ra I n it all atio n Kit Slow O u t 

As Low AS *2. 95 + S-3. 50 Shipping PflrUnil 

All Kits Contain $ F Conneclor& 300 *.o ?''- 

OHM Baiun 3000HH TerrrnnaJ Bloc* 2 Ft 

75 OHM Palch Cord, 2 Ft 30O OHM Twin Lead 

Nylon Cable Ties. And UHF Antenna 

Modal #4124-12.95 includes AH Of 

The Above Plus 25 Feel Coaxial Cable Ano 

Mounting Hardware For indoor Wan 'Ceiling 

installation 

Modal *48SO-!2.95 Includes All Ol 

The Above Plus. 25 Feel Coaxial Cable And 

Attractive Expandable Pole/O- Bolt For 

Easy indoor installation 

Modal *4&45-»3,95 includes A'i Ol 

The Above Pius 65 Feet Coaxial Cable And 

All Necessary U-Bolt Hardware 



model 705 Digital Mull i meter 



DC v.- ti.i lQQpV li 1OD0V 

ACVottsoa ifMyV \-i ?WV a> 

v.C t'-uMj'i Q.Ih* te 10A 

ACCurrsnt <i 1^* to 10* 
m l p Heslnvwe tO » 20MC} 

C4d*:IUnce 1pFK>»h<F 

Hoda T*n tafward i-si^gi ii 

i-rr |ati innalater tearing 



51 



95 



UHF-TV PREAMP 

IA5 leatured in Radio Electronics March/ 
May articles. 19821 

This inexpensive mnlenna mourned pre- 
amp can add mora than 25 dS or gam to 
your ayaJam Lois ol satisfied customars 
and tape-at oidefs tor this high Quality kn, 
whtch includes all componanl parti. PC 
SO, Cast. Powtr Supply and Baton S36.50 
Assembled VerstOh ..£57 50 



MICRO-MART accepts Visa MC anil letsphrjn! COD'S Minmnum Hon *10.M Shipping — 
U.S wttere. 1200 Canada and oilier cotnires tS.SO I minimum ) Stuppmg rale adjusted wtwrt 
applcaWe NJ residnls add 6% saJes lax. 

■ICll-aUT • SW CEKTHAl HI.. WESTFIEID, MJ 07090 • (IStj IS440M 
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THE NAME YOU CA 
TRUST IN ELECTRONIC 
TEST EQUIPMENT 




TSSBBt Combination Function 
Generator and Frequency Counter 

■ Six digit display ■ Output range: 2Hz- 
2MHz: seven ranges ■ Counter range: 1Hz- 
10MHz ■ 5-15V TTL and CMOS output 

■ Wave forms: sine, triangle, square, pulse, 
and ramp. For detailed specifications call tor 
a complete Tenma catalog. 

#72-380 



® 1987. MCM Electronics 



$ 219?.o 





tea.) 

TEMMdr 

3 1 /; Digit Bench Top DMM 

■ Performs eight functions: DCV, ACV, OCA, 
AC A, resistance, audible continuity, diode 
and capacitance test ■ Power AC adaptor 
output 7.5VDC ■Accessories: Test leads, 
spare fuse (2A), operator's manual and AC 
adaptor ■ For detailed specifications call for 
a complete Tenma catalog 

#72-410 



#72-410 

$ 149f.? m 





tehhm* 20MHz Dual Trace Oscilloscope 

■ Two high quality 10:1 probes included. For detailed 
specifications call for a complete Tenma catalog. 

#72-320 



$36995 ,<\\Nf 

6v 




iHSi Digital 
LCR Meter 

■ Measures inductance, 
capacitance and 
resistance ■ L = 1^H-200H, 
C = .1pF-200//F. R = 
.01ohm-20Mohm 

■ Carrying case included. 
For detailed specifications 
call for a complete Tenma 
catalog. 



#72-370 

$ 149?s 



[ 





% 



TENMA* 

Combination DMM/ 
Capacitance Meter 

■ Measures voltage. AC and 
DC current up to 10A 

■ Resistance up to 20Mohm 

■ Capacitance up to 20/jF 

■ Built-in transistor tester 

■ Test leads and carrying 
case included ■ For detailed 
specifications call for a 
complete Tenma Catalog 

#72-045 



IZ3 





i 


O 


4^a 


IZ3 




! ; - 
« # 


1 


« 



$7495 



1 



JtNMd* 4V2" Digit 
Multimeter 

■ True RMS AC voltage and 
current functions ■ Built-in 
frequency counter, 20Khfe 
and 200KHz range ■ Data 
hold feature ■ Measures AC 
and DC voltage/current, 
resistance and frequency 

■ Carrying case included. 



#72-430 

$1591? 





7ENMM* 

Compact DMM 
with Logic Probe 

■ Measures DCV, ACV. 
DCA, ACA and resistance 

■ Audibie continuity 
tester, diode check and 
transistor hFe ■ Built-in 
logic tester compatible 

with DTL/TTL/HTL/CMOS ICs. 

■ Accessories: Test leads, 
spare 2 A fuse and 
instruction manual ■ Call 
for complete 
specifications 

#72-445 




TBS&Bt 30A Power Supply 

■ Output voltage: 1-15VDC ■ Lighted cross needle 
meter: Displays voltage, current and power 
simultaneously "Output current: 30A. 24A 

continuous* Fan cooled 

#72-035 



*22780 




$59S? 




Te THIS* *$ 1 mlnrmom ord#f . $ 1.00 charge for orders 

under $10, 
•520 minimum charge card wder. 
•Orders shipped UPS c,0,D, 
*Mos? orders shipped within 24 ho-un. 
»Sa'lK OlUtc open B:3D am 10 7 CO pm Saturdays 

10:00 am to 3 pm EST. 
*Fcn prepaid orders odd $2.75 lor shipping and 

handling. 
•Should snipping and handling changes eaeaed 

$2.75, (he balance due will be wni c.O. O. 



Be Sure To Call For Your FREE 
Catalog! Over 6,000 Items! 

We also hawe ... a full line of test equipment, computer 
accessories, telephone accessories, speakers, television 
parts, flybacks, yokes, switches, fuses, lamps, capacitors, 
resistors, cartridges, styli, wire, CATV equipment, the largest 
selection of original Japanese semiconductors in the country 
and more. 




rm 



I Mo him: - "i I 



VISA 



85S E. CONGRESS PARK DR. •CENTERVILLE, OH 45459 

(ai3)434-DD31 

MCM ELECTRONICS 

A PREMIER Company 




SOURCE NO. RE-30 



CALL TOLL FREE 1-800-543-4330 
In Ohio 1-800-762-4315 • In Alaska and Hawaii 1-800-858-1849 
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STATIC 




2101 


356x4 




5101 


256x4 




2102L-4 


1024jc1 




2112 


256x4 




2111 


1024x4 




2114L-4 


1024x4 




21 1 4L-2 


1024x4 




2114L-15 


1024x4 




TMS4044-4 


4096x1 




TMM201 6-151 


2048xS 




TMM201 6-101 


2048x8 




HM6116-4 


2048x8 




HIBIil 16 3 


2048x8 




HM6116LP-4 


2048x6 




HM6116LP-3 


2048x8 




HM6116LP2 


2048x8 




HM6264P-15 


S 192x8 




HM6264LP-15 


6192x8 




HIH6264LP 12 


6192x8 




LP=Low 


aawar 

DYNI 


IMII 



RAMS 



4116-260 
4116-200 
4116-150 
4116120 
MK4332 
4164-200 
4154-150 
4164-120 
MCIW66G5 
TMS4164 
4164-REFHE 
TNIS4416 
41126-150 
TM54464-15 
41256-200 
41256-150 
5v=Singl4 5 



16384x1 

16384x1 

16364-1 

16384x1 

32766x1 

65536x1 

65536x1 

65536x1 

6553611 

65536s! 

SH 65536x1 

16364x4 

131072x1 

65536x4 

262144x1 

262144x1 

Volt Supply 



[450ns] 

1450 ns) (CMOS) 

(450ns] (LP] 

(450 nil 

(450 ml 

(450ns) (LP] 

(200 ns) (LP) 

(150 ns) (LP] 

(450 nil 

!150ns) 

(100ns) 

[200ns|(CMOSI 

[15 Ons) (CM 05) 

(200ns) (CM 06I(LP| 

[150ns)[CMOS)(LP r 

[120n*)[CMOS)(LP r 

(150ns)(CMOSI 

(150ns)(CMOSI[LPI 

(120ns) (CM OS) [LP, 



(250ni) 
[200ml 
(150ns) 
(120ns) 
(200ns| 
(200nsl[5v] 
(150ns|(5v) 
(120nj|(5v) 
( 200ns |(5vl 
H50nEM5v) 
(150fisI(5V)[REFRE 
(150nj)|5v| 
I150ns}(5v) 
(150ns](5v) 
(200ns](5v) 
(1S0rii]|5vl 
REFRESH=Pin1 I 



I II I 



MMm 



T 



TTT" 



• •••HIBH-TECH**** 
HECV20 UPD70108 $11«s 

REPLACES BOBS TO SPEED UP IBM PC 10-40=* 

* HIGH-SPEED ADDRESS CALCULATION 
IN HARDWARE 

* PIN COMPATIBLE WITH 8088 

* SUPERSET OF 8088 INSTRUCTION SET 

* LOW POWER CMOS 

8MHZ V20 UPD79108-8 $13.95 
8MHZ V30 UPD70116-S $19.95 

• • * •SPOTLIBHT-A- • • • 



ORDER TOLL FREE 
800-538-5000 



VISA 





EPRQMS 




2708 


1024x8 


(450 ns| 


4.95 


2716 


2048x6 


(450nsl(5V) 


3.49 


2716 1 


2048x6 


l3S0nll(5V| 


3.95 


TMS2532 


4036x8 


(4S0ns)(5W) 


5.95 


2732 


4096x8 


(450ns)(5V) 


3,95 


2732A 


4096x5 


( 250ns) (5V) (21V PGM 


3.95 


2732A-2 


4096x8 


1 200ns) [5V) (21V PGM 


4.25 


27C64 


1192x8 


( 250ns) [5 V) (CMOS! 


5.95 


2764 


a 192x6 


(450ni)(5V) 


3.43 


2764-250 


8192xa 


|250ns|(5V| 


3.95 


2764-200 


6192x8 


(200ns)(5V) 


4.25 


MCM68766 


6 192x6 


(350ns)(5V)[24 PIN] 


17.95 


271 26 


16384x6 


(2S0nsl(5V) 


425 


27C256 


32768x8 


(250ns) (5 VI (CMOS) 


10.95 


2725 S 


32768x8 


(250ns)(5V) 


7.49 


I 5V S.nylrj 5 Volt Supply 


21V PGM-Prafj.am at 21 Vatta j 



HcSr P T o R R at^ EPROM ERASERS 



Capacity 

Chip 



1.1 tensity 
|aW, Cfw'] 



CO 

o 
z 

o 

£E 
t- 
O 

LU 



o 
o 
< 



8000 


8035 


1.4S 


8039 


1.95 


8080 


2.S5 


8085 


2.49 


8087-2 


169.S5 


8087 


129.00 


8066 


6.95 


8088-2 


9.95 


8155 


2.49 


8155-2 


3.95 


8748 


7.95 


8755 


14.95 


80286 


129.95 


60287 


199.95 



8200 



8203 
8205 
8212 
8216 
8224 
8237 
8237-5 
8250 
8251 
S251A 
8253 
82535 
3255 
3255-5 
B259 
9259-5 
6272 
6279 
8279 5 
B262 
9284 
8286 
. 6288 



Z-80 




ZBO-CPU2 5 MHi r.63 


4.0 MHZ 


ZBOA-CPU 


1 79 


ZBQA-CTC 


1 89 


Z8DA-DART 


5.95 


ZEOA-DMA 


5.95 


Z60A PIO 


1.89 


Z80A-SIO/0 


5.95 


ZBOA-SIO/1 


5.95 


ZB0A-5IO/2 


5.95 


6.0 MHZ 


zaoB-cpu 


3.75 


ZaOH-CTC 


4.25 


Z80H-PI0 


4.25 


280B-DART 


14.95 


Z80B-SIO/0 


12.55 


Z80B-SIO/2 


12.95 


Z8671 ZILOG 


19.95 



6500 1 


1.0 MHZ 


6502 


2.69 


65C02,'C":MOSH2.95 I 


6507 


9.95 


6520 


1-95 


6522 


4.95 


6526 


26.95 


6532 


6.95 


6545 


6.95 


6551 


5.85 


j 6561 


19.95 


1 65S1 


34.95 


2.0 MHZ 


6502A 


2.S5 


' 6520A 


2.95 


652 2 A 


5.95 


653 2A 


11.95 


6545A 


7.95 


6551 A 


6.95 


3.0 MHZ 


1 6502B 


6.95 J 



[ 6800 


1.0 MHz 


6800 


1.95 


6802 


4.95 


6603 


9.95 


6809 


5.95 


6809E 


5.95 


6810 


1.95 


6820 


2.95 


6821 


1.95 


6840 


6.95 


6343 


19 95 


6844 


12.95 


6B45 


4,95 


6S47 


11.95 


6850 


1.95 


| 6883 


2295 


2.0 MHZ 


j 69 BOO 


4.95 


i 53B02 


5.95 


68809E 


S.95 


, 63B09 


5.95 


63B21 


3.95 


I 63845 


6.95 


6SB50 


2.95 


L 68B54 


7.95 I 



CLOCK 
CIRCUITS 

MM53f.il 1.95 

MM5369-EST 1.95 
MM58167 12.95 
MM58174 11.95 
MSM5S32 2.95 



CRT 




CONTROLLERS | 


6845 


4.95 


66B45 


8.95 


6347 


11.95 


H 046505 5P 


6.95 


MC1 372 


2.95 


8275 


26.95 


7220 


19.95 


CRT5027 


12.95 


CHT5037 


9.95 


: TMS991SA 


19.95 J 



DISK 




CONTROLLERS 


1771 


4.95 


1791 


9.95 


1793 


9.95 


1795 


12.95 


1797 


12.95 


2791 


19.95 


2793 


19.95 


2797 


29.95 


6843 


19.95 


B272 


4,95 


UPC-VfiS 


4.95 


MB8876 


12.95 


MB8877 


12.95 


1691 


6.95 


L 2143 


6.95 



BIT RATE 

GENERATORS 



MCI 4411 
BR1941 
4702 

COMB116 
L MM 5 307 



UARTS 




AY5-1013 


3.95 


AY3-1015 


4.95 


TR1602 


3.95 


2651 


4.35 


IM6402 


6.35 


IM&4Q3 


9.95 


, INS8250 


695 



SOUND CHIPS] 


76477 


5.95 


76469 


8.95 


SSI 263 


39.95 


AY3-B910 


12.95 


AY3-8912 


12.95 


Ispiooo 


39.00 J 



CRYSTALS 


32.753 KHz 


.95 


1.0 MHz 


2.95 


1.8432 


2.95 


2.0 


1.95 


2.037152 


1.95 


2.4576 


1.95 


3.2769 


1.95 


3 579545 


1 95 


4.0 


1.95 


4.032 


1.96 


5.0 


1.95 


5.0683 


1.95 


6.0 


1.95 


6-144 


1.95 


G.5S36 


1.95 


S.O 


1-95 


10.0 


1.95 


10,736635 


1.95 


12.0 


1.95 


14,31618 


1.55 


150 


1.95 


15.0 


1 95 


17.430 


1 95 


18.0 


1.55 


18-432 


1.95 


I 20.0 


1 95 


22.11 B4 


1.95 


24.0 


1.95 


32.0 


1.95 


CRYSTAL 


OSCILLATORS 


I.OMHj 


5.95 


1.8432 


5.95 


2,0 


5.95 


2.4576 


5.95 


2.5 


4.95 


4.0 


495 


5.0683 


4.95 


6.0 


4.95 


1 6.144 


4,95 


6.0 


4 95 


10.0 


4.95 


12.0 


4 .95 


12.480 


4 3D 


15.0 


4.95 


16.0 


4.95 


18.432 


4.95 


20.0 


4 95 


124.0 


4.95 




MISC 




TMS9S531 


3.95 


TMS99532 


19.95 


LI LN 2003 


.79 


3242 


7.95 


3341 


4.96 


MC3470 


1.95 


MC3480 


8.9S 


MC3487 


2.95 


11C90 


19.95 


2513-001 UP 


6.95 


AYS-2376 


11 95 


lAYS-3 600 PRO 11.95 





74LS00 




74LS00 


16 


74LS165 


.65 


74LS01 


.18 


74LS166 


.95 


74LS02 


.17 


74LS169 


.95 


74LS03 


.IS 


74LS173 


.49 


74LS04 


.16 


74LS174 


.39 


74LS05 


.18 


74LS1 75 


.39 


74L508 


ia 


74LS1 91 


.49 


74LS09 


.18 


74LS192 


.69 


74LS10 


.16 


74 LSI 93 


.69 


74LS11 


.22 


74LS194 


.69 


74L512 


.22 


74LS1S5 


.69 


74L513 


26 


74LS196 


.59 


741S14 


.39 


74LS197 


.59 


74LS15 


.26 


74LS221 


.59 


74LS20 


.17 


74LS240 


.69 


74L521 


33 


74LS241 


.69 


74 L 5 22 


.22 


74LS242 


.69 


74LS27 


.23 


74LS243 


.69 


74LS28 


.26 


74LS244 


.69 


74LS30 


.17 


74LS245 


.79 


74LS32 


IS 


74LS251 


.49 


74L633 


.23 


74LS253 


.49 


74LS37 


26 


74LS256 


1.79 


74LS38 


26 


74LS257 


-39 


74LS42 


.39 


74LS258 


.49 


74LS47 


.75 


74LS259 


1.29 


74LS48 


.85 


74LS260 


.49 


74L651 


.17 


74LS266 


.39 


74LS73 


29 


74LS273 


.79 


74LS74 


.24 


74LS279 


.39 


74LS75 


.29 


74LS2B0 


1.98 


74LS76 


.29 


74LS293 


.59 


74LSS3 


.49 


74LS290 


.89 


74LS85 


.49 


74LS293 


.89 


74LSS6 


.22 


74LS299 


1.49 


74LS90 


.39 


74LS322 


3.95 


74LS92 


.49 


74LS323 


2.49 


74LS93 


39 


74LS364 


1.95 


74LS95 


.49 


74LS365 


39 


74LS107 


.34 


74LS367 


39 


74LS109 


.36 


74LS358 


.39 


74L8112 


.29 


74tS373 


-79 


74LS1 22 


.45 


74LS374 


.79 


74LS123 


.49 


74LS375 


.95 


74LS1Z4 


2.75 


74L5377 


.79 


74LS125 


.39 


74LS378 


1.16 


74 LSI 26 


.39 


74LS390 


1,19 


74LS132 


.39 


74L5393 


.79 


74LS133 


.49 


74LS541 


1,49 


74 LSI 36 


.39 


74LS624 


1.95 


74L3133 


.39 


74LS640 


.99 


74LS1 39 


.39 


74LS645 


.99 


74LS145 


.99 


74LS669 


1.29 


74LS147 


.99 


74LS670 


.89 


74LS148 


.99 


74LS682 


3.20 


74LS151 


.39 


74LS683 


3.20 


74 LSI 53 


.39 


74LS684 


3.20 


74LS154 


1.49 


74LS6SS 


2.40 


74 LSI 55 


.59 


74LS783 22.95 


74L51 56 


.49 


S1LS95 


1.49 


74LS157 


.35 


31LS96 


1.49 


74LS158 


.29 


81LS97 


1.49 


74LS160 


.29 


B1LS98 


1.49 


74LS161 


.39 


25LS2S21 2.80 


74LS162 


.49 


25LS2569 2.80 


74LS163 


.39 


26LS31 


1.95 


74LS164 


.49 


26LS32 


1.95 



HIGH SPEED CMOS 

A new lemilv of high speed CMOS logic featuring 
the speed of low power Scr.tHT.k-. LSns typical gate 
propagation delay,, combined will iJ-c advantages of 
CMOS: very law power consumptktr superior noise 

iirsmunitv. and improved tuitpu! drive. 



74HC0O 



74HC: Operate at CMOS 
to* new, all -CMOS designs 

74HC00 .59 

74HC02 .59 

74HC04 .59 

74HC0S .59 

74HC10 .59 

74HC14 .79 

74HC20 .59 

74HC27 .59 

74HC30 .59 

74HC32 .69 

74HCS1 .59 

74HC74 75 

74HC85 1.35 

74HC66 .69 

74HC93 1.19 

74HC107 .79 

74HC109 .79 

74HC112 .79 

74HC125 1,19 

74HC132 1.19 

74HC133 .69 

74HC138 .99 

74HC139 .99 



logic levels end 4 

74HC14S 

74HC151 

74HC154 

74HC1S7 

74HC158 

74HC163 

74HC17S 

74HC240 

74HC244 

74HC245 

74HC257 

74HC259 

74HC273 

74HC299 

74HC358 

74HC373 

74HC374 

74HC390 

74HC393 

7.4HC4017 

74HC4020 

74HC4049 

74HC4050 



74HCT00 



74HCT: Direct, drop-in replacements lot LS TTL 
and can be inte. mixed with 74 LS in the seme circuit 



74HCT00 

74HCT02 

74HCT04 

74HCT08 

74HCT1Q 

74HCT11 

T4HCT27 

74HCT30 

74HCT32 

74HCT74 

74HCT75 

74HCT133 

74HCT139 

74HCT154 

74HCT157 

74HCT158 

74HCT161 

74HCT164 



74HCT166 

74HCT174 

74HCT193 

74HCT194 

74HCT240 

74HCT241 

74HCT244 

74MCT245 

74HCT257 

74HCT259 

74HCT273 

74HCT367 

74HCT373 

74HCT374 

74KCT393 

74HCT4017 

74HCT4040 

74HCT4060 







74F00 




74F00 


.69 


74F74 .73 


74F2S1 1.453 


74F02 


.69 


74F36 .89 


74F253 1.53 


74F04 


,79 


74F13S 1,69 


74F257 1.69 


74F08 


.69 


74F13S 1.63 


74F280 1.79 


74F10 


.69 


74F157 1.63 


74F2S3 3.^5 


74F32 


.69 


74F240 3.29 


74F373 4.23 


l 74F64 


.69 


74F244 3-29 


74F374 4.29 J 



Visit our retail store located at 1256 S. Bascom Ave. in San Jose, (408) 947-8881 

li| jD l\/l|ffcyp||~l/-%v* *jf>|^4g PL£flS£ USE mUR CUSTOMER NUMBER WHEI 

^#Bss>#l 1 IV IIV^I V^V1^7 V IVVW TERMS »,i ,i.im.,.. <i,d,, 510.00. Fol sn.pp.nq .vifl n.innl ,f»j Inclp 

. . — lr . n j - s^ft. r* f, r\r-f\*\f\ Ground and S3.SO Tor UPS Ait. Orders ovet 1 Ih. and foreign OF 

1 iU l\nOWleS UriVS, LOS tjatOS, t.A ybUoU 4dd.ll0F>aUFiipplngcharges-pleaseconlai:l0drsMejdt.panmentlc 

resrdetiu fiiusi include applicable sales tax. All metchandise Is wan 

Toll Free 800-538-5000 • (4081 866-6200 unl ™ D||,eiwjsr su|M p « a!i >™ «*i*i *> =>»noe ma* ■» 

■ Ull I I cc ouu JJU JUUU H uo J OUU V£UU Fesponslble lot typosraphlcal ettors w e reseFve Ibe rvgril lt> llmil 

CAV fdnfti *5Tfl flQ07 • Tolav 1T1 Hfi subilttule manufacturer All FTterchandlse sublect to prior sale. 
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CIRCLE 113 ON FREE INFORMATION CARD 



CMOS 



4001 
401 1 
4012 
401 3 
401 5 
401 6 
4017 

4019 i 

4020 J 

4021 J 
4024 
4025 
4027 

402S ,i 

4035 I 

4040 .1 
4041 

4042 .! 

4043 J 

4044 l 

4045 U 
4045 .I 
4047 .I 

4049 : 

4050 : 

4051 ,1 

4052 ,1 

4053 I 
4055 2. 
4060 .( 
406E .: 
4065 

4076 .! 

4077 .; 
40B1 .: 
40B5 

4055 .1 

4033 .< 

4094 2.' 

■411 9-i 

, 14412 6-! 



14419 

14433 ' 

4503 

4511 

4516 

4515 

4522 

4526 

4527 

4523 

4529 

4532 

4538 

4541 

4553 

4SS5 

4702 1 

74C00 

74C14 

74C74 

7-1CS3 

74CB5 

74C95 

74C150 

74C151 

74C161 

74C163 

74C154 

74C192 

74C193 

74C221 

74C240 

74C244 

74C374 

74C905 1 

74C91 1 

74C917 1 

74C922 

74C923 

74 C 926 

80C97 



TMF 



7400/9000 



7400 

7402 

7404 

7406 

7407 

7403 

7410 

7411 

7414 

7416 

7417 

7420 

7423 

7430 

7432 

7438 

7442 

7445 

7447 

7470 

7473 

7474 

7475 

7479 

74B3 

7465 

7486 

7489 

7490 

7492 

7493 

7495 

7497 

74100 

74121 

74123 

74125 

74141 

74143 

74144 

74145 



74147 

74148 

74150 

74151 

74153 

74154 

74155 

74157 

74159 

74161 

74163 

74164 

74165 

74166 

74175 

74177 

74179 

74181 

74182 

74184 

74191 

74192 

74194 

74196 

741 97 

741 99 

74221 

74246 

74247 

7424B 

74249 

74251 

74265 

74273 

74278 

74367 

74 368 

9368 

5602 

9637 

36502 





74S00 




74S00 


.29 


745163 


1.29 


74502 


.29 


74S16R 


3.95 


74503 


-29 


74S174 


.79 


74S04 


.29 


746 175 


.79 


74605 


.29 


745188 


1.95 


74S0S 


.35 


74S189 


1.95 


74510 


.29 


74S195 


1.49 


74515 


.49 


74S196 


2.49 


74S30 


.29 


74S197 


2.96 


74S32 


.35 


745226 


3.99 


74S37 


.69 


74S24Q 


1.49 


74538 


.69 


74S241 


1.49 


74574 


.49 


74S244 


1.49 


74SS5 


.95 


745257 


.79 


74SS6 


.35 


74S253 


.79 


74S112 


.50 


745258 


.95 


745124 


2.75 


74S280 


1.95 


74B13B 


.79 


74S287 


1.69 


74S140 


.55 


74S288 


1.69 


74SI51 


.79 


74S299 


2.95 


74S153 


.79 


74S373 


1.59 


745157 


.79 


74S374 


1.69 


745158 


.95 


74S471 


4.95 


74S161 


1.29 


745571 


2.95 



'DATA ACQ 


INTERFACE 


ADCOBOO 15.55 


9T26 


1.29 


ADC0804 3.49 


8T2B 


1.29 


ABC0609 4.49 


ST95 


.89 


ABC0816 14.95 


8T96 


.89 


ADC0B17 9.95 


8T97 


-59 


ADC0B31 B.9S 


8T99 


.89 


AC 0300 4.49 


DM8131 


2.95 


DAC0806 1.9S 


DPS304 


2.29 


D AC 0908 2.35 


DSSB33 


2.25 


0AC1020 B.25 


DS8835 


1.99 


DAC1022 5.95 


DSS835 


.99 


I MC1408LS 2.95 


58837 


1 65 



EDOECARD CONNECTORS ] 


too 


PIN ST 


9 100 


.125 


3.95 


10(1 


PIN WW 


5-100 


.125 


4.95 


67 


PIN ST 


ISM PC 


.100 


1.95 


50 


PIN ST 


APPLE 


.100 


2.95 


44 


PIN ST 


5TD 


,156 


1.95 


L 44 


PIN WW 


5TD 


.156 


4.95 J 



36 PIN CENTRONICS 

MILE 

IDCEN36 RIBBON CABLE 6.95 

CEN36 SOLDER CUP 4.95 

FEM1LI 

IDCEN36/F BIBBON CABLE 7.95 

. CEN36PC RT ANGLE PC MOUNT 4.95, 



INTERSIL 


(CL7106 


9,95 


1CL7107 


12.95 


ICL7560 


2.95 


IC1803B 


4.95 


ICM7207A 


5.95 


ICM720B 


15.95 J 



VOLTAGE 
REQULATORS 

TO-220 CASE 

7B05T .49 7905T .59 

7B0BT .49 790BT .59 

7B12T .49 791 2T .59 

781 5T .49 791 5T .59 

TO-3 CASE 

7805K 1.59 7905K 1.69 
781 2 K 1.39 791 2K 1.49 

TO-93 CASE 

78L0S .49 79L05 .69 
7BL12 .49 79L12 1.49 

OTHSRVOLTAGE REGS 
LM323K 5V 3A TO-3 4.79 
LM338K Adj. 5A TO-3 6.95 
[ 7SH12K 12V 5A TO 3 E.95 



IC SOCKETS , oa 

1-99 100- 

fl PIN ST .11 .10 

14 PIN ST .11 .09 

16 PIN ST .12 .10 

18 PIN ST .15 13 

20 PIN ST .18 .15 

22 PIN ST .15 .12 

24 PIN ST JO .15 

28 PIN ST .22 .16 

40 PIN ST .30 .22 

54 PIN ST 1.95 1.49 
5T= SOLD ERT AIL 

8 PIN WW 59 .69 

14 PIN WW .69 .52 

16 PIN WW .69 .58 

18 PIN WW .99 ,90 

20 PIN WW 1.09 .98 

22 PIN WW 1.39 1.23 

24 PIN WW 1.49 1.35 

28 PIN WW 1.69 1.49 

40 PIN WW 1,99 1.E0 

WW^WIREWRAP 

16 PIN ZIP 4.95 CALL 

24 PIN 7.IF 5.95 CALL 

28 PIN ZIF 6.95 CALL 

40 PIN ZIF 9.95 CALL 
ZIFTEXTOOL 
IZERO INSERTION FORCE | 



LINEAR 



TL056 .99 

TL071 .69 

TL072 1.09 

TL074 1 .95 

TL0S1 .59 

TL092 .99 

TL084 1 .49 

LM301 .34 

LM309K 1.25 

LM31 1 .59 

LM311H .89 

LM317K 3.49 

LM317T .95 

LM31B 1.49 

LM319 1.25 
LM320 soo 79 00 

LM322 1.95 

LM323K 4.79 

LM324 .49 

LM331 3.35 

LM334 1.19 

LM335 1 .79 

LM336 1 .75 

LM337K 3.95 

LM33SK 6 95 

LM339 .59 
LM340 1M7800 

LM350T 4,60 
LF3S3 



LF3S6 

LF367 

LM358 

LM3B0 

LM3B3 

LM3BS 

LM393 

LM394H 

TL494 

TL497 

NE555 

NE556 

NE55S 

NE564 

LAI 565 

LM566 

LM567 

NE570 

NE590 

NE592 

LM710 

LM723 
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LM733 

LM741 

LM747 

LM748 

MCI 330 

MC1S50 

MC1372 

LM1414 

LM145B 

LM1488 

LM1499 

LM149S 

LM1B12 

LM1B89 

ULN2O03 

XH2206 

XH2211 

XR2240 

MPO2907 

LN12917 

CA3046 

CA3081 

C A3 082 

CAS 066 

CA3089 

CA3130E 

CAS 146 

CAS 160 

MC3470 

MC3480 

MC3487 

IMS 900 

LMS909 

LM3911 

LM3914 

MC4024 

MC4044 

RC413G 

P.C4558 

LM 13600 

75107 

75110 

751 SO 

751S4 

751S8 

75189 

75451 

754S2 

75453 

75477 

75492 



H=TO-5 CAN, K=TO-3.T.TO 220 





DIPCC 


INNECTORS 














DESCRIPTION 


ORDER BY 


CONTACTS 


8 


14 


16 


18 


20 


22 


24 


2B 


40 


HIGH RELIABILITY TOOLED 

ST IC SOCKETS 


AUGATkxST 


.62 


.79 


.89 


1.09 


1.29 


1,39 


1,49 


1.69 


2.49 


HIGH RELIABILITY TOOLED 
WW IC SOCKETS 


AUGATxxWW 


1.30 


1.80 


2.10 


2.40 


2.50 


2.90 


3.15 


3.70 


5.40 


COMPONENT CARRIES 
IDIP HEADERS) 


ICC... .». 


.49 


.59 


.69 


.99 


.99 


.99 


.99 


1.09 


1.49 


RIBBON CABLE 

DIP PLUGS IIDCI 


IDFxx 


- 


.95 


-95 




- 




1.75 




2.96 





FOH ORDERING INS 1 11 JC r IONS SEE O-SUBMINIA TURE BELOW 



IIMMII Nil 

AUGAT245T 





D-S 


UBMIHII 


TOR 


: 










DESCRIPTION 


ORDER BY 


CONTACTS 


9 


15 


19 


25 


37 


50 


SOLDER CUP 


MALE 


D8x*P 


S2 


.90 


1 25 


1.25 


1.BO 


3. 43 


FEMALE 


DBkxS 


.95 


1,15 


1.50 


1.50 


2 35 


4.32 


RIGHT ANGLE 
PC SOLDER 


MALE 


OBkkPR 


1.20 


1.49 




1.95 


2.G5 




FEMALE 


DBxkSR 


1.25 


1.55 




2.00 


2.79 




WJHE WRAP 


MALE 


DBkxPWW 


1.69 


2.56 




3.39 


5.50 




fEMALE 


DBxxSWW 


2.76 


4 27 




6.84 


9.95 


— 


IDC 

RIBBON CABLE 


MALE 


IDBkxP 


2.70 


2.95 




3.93 


5.70 


-fr- 


FEMALE 


IDSxxS 


2.92 3.20 




4.33 


5.76 


HOODS 


ME1AL 


MHOODkx 


1.25 1 1.25 


1.30 


1.30 






GREY 


HOODk* 


.65 | .65 




.65 


.75 


.95 








2b 



ORDERING INSTRUCTIONS: INSERT THE NUMBER OF CONTACTS IN THE POSITION 

MARKED ->:x' OF THE -ORDER BY' PART NUMBER LISTED. 

EXAMPLE: A I5PIN RIGHT ANGLE MALE PC SOLDER WOULD BE 031SPR. 

MOUNTING HARDWARE SI .00 




IDC CONNECTORS 



DESCRIPTION 


ORDER BY 


CONTACTS 


10 


20 


26 


34 


40 


50 


50LDER HEADER 


IDHxxS 


.82 


1.29 


1.68 


2.20 


2.58 


3.24 


BIGHT ANGLE SOLDER HEADEH 


IDHx*5R 


.65 


1.35 


1.76 


2.31 


2 72 


3.39 


WW HEADER 


IDHxxW 


1.85 


2.9B 13,84 4.50 


5.28 


6.63 


RIGHT ANGLE WW HEADEH 


IDHxxWR 


2.05 
.79 


3.2B 14.22 


4.45 


4.80 


7.30 


RIBBON HEADER SOCKET 


IDSxx 


.99 


1.39 


1 59 


1.99 


2.25 


RIBBON HEADER 


IDMx* 




5-50 


6.25 


7.00 


7.50 


8.50 


RIBBON EDGE CARD 


IDExx 


1.75 


2.25 


2.65 


2,75 


3.90 


3.95 


FOR ORDERING INSTRUC 


TIONS SEE OS 


UBMIfi 


lATUf 


EABC 


VE 









HARD TO FIND 
"SNAPADLE" HEADERS 

CAN BE SNAPPED APART TO 
MAKE ANY SIZE HEADER, 
ALL WITH .1" CENTERS 
1x40 STRAIGHT LEAD .99 

1x40 HIGHTANGLE 1.49 

2x40 STRAIGHT LEAD 2 49 
2x40 RIGHT ANGLE 2.99 , 



SHORTING 
BLOCKS 



GOLD 

CONTACTS 

SPACED 



AT.1" L- 

C ENTERS \J 



r 



5/$1.00 



When I called JDR, the operator was super 
friendly and patient, not to mention very 
helpful. In addition, the delivery was made 
very quickly . On top of all that, I am most 
happy with the merchandise itself. It's 
quality, price and warranty are most 
impressive. Thanks again and keep up the 
good work. 

Scott Feickert 



DIODES OPTO TRANSISTORS 


1N751 


.25 


4N26 


.69 


1N759 


25 


4N27 


.69 


1N414S 


25/1.00 


4N28 


.69 


1N4004 


10/1.00 


■1N.V3 


.89 


IN 5402 


M 


4N37 


1.19 


KBP02 


.55 


MCT-2 


.59 


HUM 


.95 


MCT-6 


1.29 


MDA990-2 


.36 


TIL-1 1 1 


.99 


NZ222 


ix 


2 N 3906 


.10 


PN2222 


.10 


2N4401 


.25 


2N2905 


.50 


2N4402 


.25 


2N2907 


.25 


2N4403 


.25 


2N3055 


.79 


2N6045 


1.75 


■ 2N3904 


.10 


TIP31 


.49 I 



LED DISPLAYS 






FND-3571359) 

FND-5O0(503) 

FND-5071510) 

MAN-72 

MAN-74 

MAN-B940 

TIL-313 


COM CATHODE 
COM CATHODE 
COM ANODE 
COM ANODE 
COM CATHODE 
COM CATHODE 
COM CATHODE 


.362" 

.5" 

.5" 

.3" 

.3" 

.8" 

.3" 


1.25 
1.49 
1.49 
.99 
.99 
1.99 
.45 


T1L-311 4x7 HEX IV LOGIC 
HPS0B2-7340 4*7 HEX W/LOGiC 


.270" 
.290" 


9.95 
7.95 


DIFFUSED LEDS i«. 

JUMBO RED T1W .10 
JUMBO GREEN T114 .14 
JUMBO YELLOW Till .14 
MOUNTING HDW T1U .10 
I MINI HED T1 10 


100-UP 
.09 
.12 
.12 
.09 
.09 





SWITCHES 




SPOT MINI-TOGGLE ON-ON 
OPDT MINI-TOGGLE ON-ON 
DPDT MINI-TOGGLE ON-OFFON 
SPST MINIPUSHBUTTONN.O. 
SPST MINI-PUSHBUTTON N.C. 
SPST TOGGLE ON-OFF 
BCD OUTPUT 10 POSITION 5 PIN DIP 


1-25 

1.50 

1,76 

.39 

.39 

.49 

1.95 




DIP SWITCHES 




4 POSITION .85 7 POSITION 

6 POSITION .90 8 POSITION 

,6 POSITtO N .90 10POSITION 


.95 
.95 

1.29 





RIE 


LE 


CONTACTS 


SINGLE COLOR 


COLOR CODED 


V 


10' 


1' 


10' 


10 


.18 


1.60 


.30 


2.75 


15 


.28 


2.50 


.48 


4.40 


20 


36 


3.20 


.60 


5.50 


25 


.45 


4.00 


.75 


6.85 


26 


.46 


4.10 


,78 


7.15 


34 


61 


S.40 


1.07 


9.35 


40 


.72 


6.40 


1.20 


11.00 


DO 


.89 


7.50 


1.50 


13.25 



CALL FOR VOLUME QUOTES © copyright 1906 jdr micro-devices 



113 



CIRCLE 215 ON FREE INFORMATION CARD 



'Jil.',l:l!M;lililMI 

BAR6AIH HUNTERS CORNER 




FDD CONTROLLER 



* SUPPORTS 4 INTERNALLY MOUNTED DRIVES, 
DS DO OR QUAD life. 

• INCLUDES CABLE FOR TWO DRIVES 

1 200B INTERNAL MODEM $99.95 

» S'A" BOARD, HAYES COMPATIBLE, WITH SOFTWARE 



COLOR GRAPHICS CARD $59.95 

x 200 GRAPHICS, 18 COLOR TEXT, 
BB& COMPOSITE OUTPUTS 

SPECIALS ENDS 2/28/87 



mn 



PAGE WIRE WRAP WIRE 

PRECUT ASSORTMENT 

IN ASSORTED COLORS $27.50 

100»: 5.5", 6.0", 6.S", 7.0" 
750m: 2.5", 4,5", 5.0" 
5O0BD: 3.0", 3.5", 4,0" 



100 foot 94,30 250fe.l S7.25 

500 fool 313-25 10OOfc«lS21-95 

Phase specify color: 
Blue, Black, Yellow or Red 



EMI FILTER 

* MANUFACTURED 
BY CO ROOM 

■ LOW COST 

- FITS LC-HP BELOW 

• 6AMP 120/240 VOLT 

6 FOOT LINE CORDS 

LC-2 2 CONDUCTOR .39 

LC-3 3 CONDUCTOR .93 

LC-HP 3 CONDUCTOR W STD 

FEMALE SOCKET 1.49 

MUFFIN FANS 

3.15" SO ROTHON 14,35 

I 363" SO ETRI 14,9i5 

[3.10" SO MA5USHITA 1S35 . 




WIRE WRAP PROTOTYPE CARDS 

FR-4 EPOXY GLASS LAMINATE 
WITH GOLD-PLATED EDGE-CARD FINGERS 




IBM-PR2 

IBM 

BOTH CARDS HAVE SILK SCREENED LEGENDS 

AND INCLUDES MOUNTING BRACKET 

IBM-PR1 WITH 5V AND GROUND PLANE .... 52795 

IBM-PR2 AS ABOVE WITH DECODING LAYOUT $23.35 

S-100 

P100-1 HARE - NO FOJL PADS S15 15 

PI 00-2 HORIZONTAL BUS ..,.., $21 .BO 

PI 00-3 VERTICAL BUS .,.,..,♦>♦ $21.80 

Pi 00 4 SINGLE FOIL PADS PER HOLE $22.75 

APPLE 

P5D0-1 BARE - NO FOIL PADS $15,15 

P500-3 HORIZONTAL BUS $22.75 

P500-4 SINGLE FOIL PADS PER HOLE $21.80 

L 7060-45 FOR APPLE llti AUX SLOT £30.00 . 



SOCKET- WRAP I.D.™ 



03 

O 

z 
o 

£ 
o 



LL 

6 

c 
< 

rr 



. SLIPS OVER WIRE WRAP PINS 

• IDENTIFIES PIN NUMBERS ON WRAP I" - 

SIDE OF BOARD •■'■ 

' CAN WRITE ON PLASTIC: SUCH AS IC 3 ! *-* 
PINS PARTfl 

S IDWHAP 08 

14 IDWHAP 14 

16 ID WRAP 16 

18 IDWHAP IE 

20 IDWRAP 70 

22 IDWHAP 22 

24 IDWHAP 24 

IDWHAP 23 
IDWHAP 40 



FRAME STYLE 
TRANSFORMERS 



SWITGHIN8 POWER SUPPLIES 



2 AMP £.95 

4 AMP 7.95 

8 AMP 10.35 
2 AMP 7.35 , 



PLEASE ORDER BY NUMBER OF 
PACKAGES <PCK. OF} 





CAPACITORS 








TANTALUM 






1-0f/t 


15V 


,3S 


.47*/f 


35V 


.45 


6.8 


15V 


.70 


1.0 


35V 


45 


10 


15V 


.30 


2.2 


35 V 


.65 


22 


15V 


1 35 


4.7 


35V 


.85 


.22 


35V 


.40 


10 


35V 


1.00 






DISC 






lOpP 


50V 


.05 


530 


SOV 


.05 


22 


50V 


.05 


.oov 


SOV 


.05 


27 


50V 


.05 


.0022 


50V 


.05 


33 


50V 


.05 


.005 


50V 


.05 


47 


SOV 


-05 


.01 


SOV 


.07 


S3 


50V 


.05 


.02 


50V 


.07 


100 


50V 


.05 


.05 


50V 


.07 


220 


SOV 


.05 


.1 


12V 


.10 


560 


SOV 


.05 


.1 


SOV 


.12 




MONOLITHIC 






,01ul 


50V 


.14 


.1|jf 


SOV 


.18 


-047/jf 


50V 


.15 


.47/jl 


50V 


.25 




ELECTROLYTIC 




RADIAL 




AXIAL 




1**1 


25V 


14 


V 


50V 


.14 


2.2 


36V 


.(5 


10 


SOV 


.16 


4.7 


SOU 


.15 


22 


16V 


.14 


10 


SOU 


.15 


47 


SOV 


.20 


47 


35V 


.18 


100 


3SV 


.25 


100 


16V 


18 


220 


25V 


.30 


220 


3SV 


,20 


470 


SOV 


.50 


470 


2SV 


.30 


1000 


16V 


-60 


2200 


16V 


.70 


2200 


16V 


.70 


l 4700 


25V 


1.45 


4700 


16V 


1.25 I 



25PIND-SUB 
GENDER 
CHANGERS k 
$7.95 



DATARASE EPROM ERASER $34.95 

• ERASES 2 IN 10 MtNUTES _,^_^^_ 
. COMPACT-NO DRAWER 

• THIN METAL SHUTTER 
PREVENTS UV LIGHT 
FROM ESCAPING ^^^^ 



V* WATT RESISTORS 

5% CARBON FILM ALL STANDARD VALUES 
FROM 1 OHM TO 10 MEG, OHM 

1 PCS '«* ■ <• ' vrtue .05 100 PCS ■,-;-.■ -.■.-::;-■ .02 

i 50 PCS same value .025 1OO0 PCS same value ,015 





RESISTOR NETWORKS 




SIP 


10 PIN 


9 RESISTOR 


.69 


SIP 


8 PIN 


7 RESISTOR 


.59 


DIP 


16 PIN 


8 RESISTOR 


1.09 


DIP 


16 PIN 


15 RESISTOR 


1.09 


DIP 


14 PIN 


7 RESISTOR 


.99 


DIP 


14 PIN 


13 RESISTOR 


■99j 



SPECIALS ON BYPASS CAPACITORS 

.01 //I CERAMIC DISC 100/sS.OO 

.01 it! MONOLITHIC 1Q0/S10.00 

.1 lA CERAMIC DISC 100/S6.50 

.1 (A MONOLITHIC 100/S12.S0 , 



■ FOR IBM PC-XT COMPATIBLE 

I 135 WATTS 

. *SV(3HSA, -t2V<3>4.2A P5-IBM 

-SVfJJ.SA, -12VHS.5A 
• ONE YEAR WARRANTY 



PS-IBM-150 






. FOB IBM PC-XT COMPATIBLE 

■ 1 50 WATTS 

■ *12V @>6-2A. »5V @l 16A 
- 1 2V @ .SA, -SV O ,5A „ , ,„ 

• ONE YEAR WARRANTY 



■ 130 WATTS 

< SWITCH ON REAR 

■ FOR USE IN OTHER IBM 
TYPE MACHINES 

•90 DAY WARRANTY 



* USE TO POWER APPLE TYPE 
SYSTEMS, 79 5 WATTS 

* +5V @ 7A, 4-1 2V @ 3A 
-5V<S.5A, ,1ZV@,5A 

* APPLE POWER CONNECTOR 

PS-SPL200 $49.95 

- -5V @ 25 A, «T2V ig 3.5A 
-5V @ 1A, -12V @ 1A 

■ UNAPPROVED PSSPL200 

■ ALUMINUM ENCLOSURE 

'BOOKSby STEVE CI 

BIULD YOUR OWN 
230 COMPUTER 

CIRCUIT CELLAR VOL 1 317-95 

CIRCUIT CELLARVOL2 51 8.95 

CIRCUIT CELLAR VOL 3 S13.SE 

CIRCUITCELLARVOL4 S18.9S 

lCIHCUIT CELLAR VOLS J19.95 




MICROCOMPUTER 
HARDWARE HANDBOOK 
FROM ELCOMP $14.95 

OVER 800 PAGES OF DATASHEETS 

| ON THE MOST COMMONLY USED 

ICi. INCLUDES TTL r CMOS, 74LS00 

MEMORY, CPUs, MPU SUPPORT. 

, AND MUCH MORE1 



WIS 


rt SOLDERL 


ESSB 


READBOJ 


RDS 


CZUHB 


PART 
NUMBER 


DIMENSIONS 


DISTRIBUTION 
STRIP) S] 


TIE 

POINTS 


TEHMINAL 
STRIPIS! 


TIE 
POINTS 


BINDING 
POSTS 


PRICE 


r- -| 


WBU-O 


-38 K 6,50" 


1 


100 


-,. 






2.95 


WBU-T 


T.38 x6.50" 


— 


— 


1 


630 




6 35 


WBU-204-3. 


3.94 x 0.45" 


1 


100 


2 


1250 


2 


17 95 


WBU-2U4 


5,13 h 8.45" 


4 


400 


2 


1260 


3 


24.95 


VUBU-206 


5.88 * 9.06" 


5 


500 


3 


1890 


4 


29 95 


J 


VUBU-203 


8.25 ■ 9.45" 


7 


700 


4 


2520 


4 


39.95 


WBU 20a A 





LITHIUM BATTERY 

I AS USES IN CLOCK CIRCUITS 




3 VOLT BATTERY 
, BATTERY HOLDER 



NEW EDITION! 

1986 
IC MASTER 

THE INDUSTRY STANDARD 

$129.95 



Visit our retail store located at 1256 S. Bascom Ave. in San Jose, (408) 947-8881 

l'|"\D l\/l|^r , | n |i r lo\/|r k OQ please use your customer number whei 

%Jl~rl 1 I V ll\sl X>rUY7 V l^dfCTO' TERMS: Minimum order $10.30. For shipping and handing inclu 

,_._„_ _ . -fc . ,— - M _ M #. n Ground and 13.S0 lor UPS Ale. Oideri entt 1 lb. aid loreign or 

110 Knowles Dnve, Los Gates, CA 95030 XSSEaXS &SSSSBSgSaSXSl 

^M%r Toll Free 800-538-5000 • (408) 866-6200 ^n S C7oi^^h^,^%T^^r^^? Q D "^ 

e Jtefe" FAX (408) 378-8927 • Telex 1 71 -1 1 ,ub,,MS m * MKh " K Aa — 1 ™«- -***• » m •*■ 

^lY^^ © COPYRIGHT 19B6JDRMICRODEVICES 
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~y^\^ © COPYRIGHT 1986 JDR MICRODEVICES 

THE JDR MICRODEVICES LOGO IS A REGISTERED THADEMAHK OF JDR MICRODEVICES. JDH INSTRUMENTS AND JDR MICRODEVICES ARE TRADEMARKS OF JDR MICRODEVICES 

IBM IS A TRADEMAHK OF INTERNATIONAL BUSINESS MACHINES APPLE IS A TRADEMARK OF APPLE COMPUTER, 
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DISK DR VES 

FOR APPLE COMPUTERS 



AM 50 
$99.95 



. 14 HT. DIRECT DRIVE 

. 10O-.4 APPLE COMPATIBLE 

. SIX MONTH WAHRANTY 



BAL-500 
$129.95 



m 



• TEAC MECHANISM-DlflECT DRIVE 
i lOO D n APPLE COMPATIBLE 
. FULL ONE YEAH WARRANTY 



AP-135 
$129.95 



< FULL HTSHUGART MECHANISM 
. DIRECT REPLACEMENT FOR APPLE 

DISK II 
> SIX MONTH WARRANTY 



«#&» nsr 



MAG535 
$249.95 



> 3.5" ADD-ON DISK DRIVE 

> 100% MACINTOSH COMPUTABLE 

• DOUBLE SIDED BOOK BYTE STORAGE 
. HIGH RELIABILITY DRIVE 

HAS AUTO EJECT MECHANISM 
. FULL ONE YEAR WARRANTY 



AD-3C 
$139.95 



- IfiOKAPPLE lit COMPATIBLE. 
READY TO PLUG IN. W SHIELDED 
CABLE & MOLDED 19 PIN 
CONNECTOR 

- FAST. RELIABLE SLIMUNE DIRECT 
DRIVE 

. SIX MONTH WAHRANTY 

DISK DRIVE ACCESSORIES 

F D D CONTR OLLE R C A R D S 4 9 .9 5 
lie ADAPTOR CABLE 51 9,95 

ADAPTS STANDARD APPLE DRIVES 
FOR USE WITH APPLE lie 



KB- 1000 



$79.95 



CASE WITH KEYBOARD 

FOR APPLE TYPE MOTHERBOARD 

. USER DEFINED FUNCTION KEYS 
- NUMERIC KEYPAD WITH 

CURSOR CONTROL 
• CAPS LOCK ■ AUTO REPEAT 



| KEYBOARDER $49.95 

. REPLACEMENT FOR APPLE II 

KEYBOARD 
I CAPS LOCK KEY. AUTO-BE PEAT 
■ ONE KEY ENTHY OF BASIC 

OR CP M. COMMANDS 



EXTENDER CARDS 


IBM-PC 


$45,00 


IBM-AT 


$68.00 


APPLE II 


S45.00 


APPLE lie 


$45.00 


MULTIBUS 


$86.0oJ 



APPLE COMPATIBLE 
INTERFACE CARDS 

EPfiDM PROGRAMMER $59.95 



MODEL 
RP525 



■ DUPLICATE OR BURN ANY 
STANDARD 27k* SERIES EPRQM 

■ EASY TQ USE MENU-DRIVEN 
SOFTWARE IS INCLUDED 

• MENU SELECTION FOR 2716, 
2732 r 2732 A, 2764 AND 271 Zfl 

■ HIGH SPEED WRITE ALGORITHM 
i LED INDICATORS FDR ACTIVITY 
. NO EXTERNAL POWER SUPPLY 

NEEDED 
' ONE YEAR WARRANTY 



16KRAMCARD 



$39.95 



* FULL TWO VEAR WARRANTY 

* EXPAND YOUR 4BK APPLE TO 
64K 

■ USE IN PLACE OF APPLE 
LANGUAGE CARD 

BARE FC CflHD W -IHSTRUCTIOHS $9.95 



IG TEST CARD 



$99.95 



J.t 



• aUICKLV TESTS MANY COMMON 

ICs 
' DISPLAYS PASS OH FAIL 
. ONE YEAR WABBANTY 
- TESTS: 4000 SERIES CMOS. 
74 HC SERIES CMOS. 
7400. 74LS. 74L 74 H & 74 S 



3Q0B MODEM $49.95 

FOR APPLE OR IBM 

INCLUDES ASCII PBO-SZ SOFTWARE 



. FCC APPROVED 

. BELL SYSTEMS 103 COMPATIBLE 

■ INCLUDES AC ADAPTOR 

. AUTO-DIAL 

. DIRECT CONNECT 

, CABLE FOR APPLE lie £14.95, 



JOYSTICK cr-401 $7.95 

FOR ATARI 400, SOQ, 2600, 
VIC 20/64 AND APPLE Mo 



DISKFILE 

HOLDS 70 SV," DISKETTES 



■ 3.5" DISKFILE holds 4o SB's, 



POWER STRIP 



■ UL APPROVED 
. 15A CIRCUIT 
BREAKER 



$12.95 



v%%%%%% 



2 WAY SWITCH BOXES 

• AVAILABLE in serial on PARALLEL 
. CONNECTS Z PRINTERS TO ONE 
COMPUTER OR VICE VERSA 

- ALL UNES SWITCHES 

. PUSH BUTTON SWITCHES MOUNTED 
ON PCB 

- 3 FEMALE GOLD-PLATED CONNECTORS 



AB-P CENTRONICS PARALLEL 
I 16-S RS232 SERIAL 



$39.85 
$39.83 J 



MOLDED INTERFACE CABLES 

6 FOOt 100* SHIELDED. MEETS FCC 

IBM PARALLEL PRINTER CABLE ! 

CENTRONICS MALE TO FEMALE 11 

CENTRONICS MALE TO MALE H 

MODEM CARLE FOR IBM ' 

RS23Z SERIAL MALE TO FEMALE ! 

RSZ32 SERIAL MALE TO MALE ! 
KEYBOARD EXTENSION (COILED) 

I APPLE II JOYSTICK EXTENSION ' 



C. ITOH RITEMAN II PRINTER 



. ISO CPS DRAFT MODE. 3ZCPS NLO. MODE 

<li9 DOT MATRIX 

. SUPPORTS EPSON/IBM GRAPHICS 

■ FRICTION AND TRACTOR FEEDS 

■ VARIABLE LINE SPACING AND PITCH 

$219.95 

IBM PUNTER CABLE S9.B5 

REPUCEMEKT RIBBON CARTRIDBE $7.95 



NASHUA DISKETTES DEALS 

5V." SOFT SECTOR 
DS DO WITH HUB RINGS 

$9 9 ° 69Cbb 59Cea 

BOX OF Id BULKQTY5Q BULK DTI 250 

NASHUA DISKETTES WERE JUDGED 

TO HAVE THE HIGHEST POLISH 

ANO RECORDED AMPLITUDE OF ANY 

DISKETTES TESTED ACCORDING TO 

"COMPARING FLOPPY DISKS' . BYTE 9/84 





DISKETTES 






NASHUA 5 V«" 




NHD2D 
N-MD2F 
N-MD2H 


DS/DD SOFT 
DS/QUAD SOFT 
DS/HD FOR AT 

NASHUA 8" 


49.90 
119.95 
*24.95 I 


N-FD1 
N-FD2D 


SS/DD SOFT 
DS/DD SOFT 

NASHUA 3.5 


927.95 
134.95 


N-3-5SS 


3.S" SS/OD FOR MAC 

VERBATIM IW 


424,95 


V-MD1D 
U-MD2D 

I v-MDiior 


SS/DD SOFT 
DS/DD SOFT 
SS/DD 10 SECTOR HARD 


SI 6.95 
417.95 
• 19.95 J 



BUILD STEVE CIARCIA S 

INTELLIGENT 

EPROM PROGRAMMER 

AS SEEN IN B YTE, OCT. SB 

* STAND-ALONE OR RS-232 SERIAL 
OPERATION 

* MENU SELECTABLE EPROM TYPES- 
NO CONFIGURATION JUMPERS 

> PROGRAMS ALL 5tf Z7XXX EPHONIS 
FH0M2718TO27512 

* READ. COPY OR VERIFY EPROM 
. UPLOAD/ DOWN LOAD INTEL 

HEX FILES 
- PROGRAMMER DRIVER USER 
MODIFIABLE 

ONLY $199 

KIT INCLUDES PCB AND ALL 

COMPONENTS EXCEPT CASE AND 

POWER SUPPLY 

5W FLOPPY DISK DRIVES 

I TEAC FD-SEB Vj HT DS/DD (FOR JBM} J1 09.95 

TEAC FD-15SF Vt HT DS/QUAD |FOR BMf 4124.95 

I TEACFO-SMFV W HT OS/ND [POfl BM AT, 4154.95 
TAN DON TM 1 00-2 DS/DQ (FOR IBM, » 1 1 9,00 

| TAN DON TMSO-2 Vj HT DS/DD {FOR »Mr »79.9S 
WW -BS2 OS/DO ,FQR BMJ S79.9S 



8" FLOPPY DISK DRIVES 



FD 100-fl SS/DD [5A-*B01 EQUr^ 
FD 200^ DS/DO ISA/S6IS EOLIM 



4119.00 
5159.00 



DISK DRIVE ACCESSORIES 

I TEAC SPECIFICATION MANUAL S&.00 

| TEAC MAINTENANCE MANUAL 525.00 

ft HT MOUNTING HARDWARE S2.95 

MOUNTING RAILS FOR IBM AT S4.95 

"Y" POWER CABLE FDH 5V«" FDDs *2,95 

5W FDD POWER CONNECTORS *1,19 



TEAC FD-55 



TANDONTM1D0 2 



DISK DRIVE ENCLOSURES 

CAB-1FH5 tSBJS 

FULL HT 1W BEIGE CABINET w, POWER SUPPLV 

CKB-2SK5 $49.95 

DUAL SLI MUNE 5V." CABINET W/POWER 5 LfPPLY 

GHB-2SW VERTICAL S2Q9.95 

DUALSUMLINE S" CABINET W/POWEH SUPPLY 

CRB-2FHB horizintal S219.B5 

DUAL FULL HT 8" CABINET W/POWER SUPPLY 



\l ^mt 



TEST EQUIPMENT FROM JDR 
DIGITAL MULTIMETER PEN DPM-1000 

AUTO RANGING, POLARITY AND DECIMAL! 



$54.95 



LARGE 3.5 DIGIT 
DISPLAY 

DATA HOLD SWITCH 
FREEZES READING 
FAST, AUDIBLE CON- 
TINUITY TEST 
. LOW BATTERY 
INDICATOR 
OVERLOAD PROTEC- 
TION 



20MHZ DUAL TRACE OSCILLOSCOPE 
35MHZ DUAL TRACE OSCILLOSCOPE 



-14 t. 

a j3 



MODEL 2000 
MODEL 3500 



$389.00 
$549.00 



FOR MORE INFORMATION ON THE OSCILLOSCOPES. CALL US FOR FHEE PRODUCT BRIEFS. 



CALL FOR VOLUME QUOTES © copyright 19*5 jdr microdevices 



> 

o 

X 

s 

00 
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JHHiMilililM 



I QUALITY IBM COMPATIBLE MOTHERBOARDS 

FROM MODULAR CIRCUIT TECHNOLOGY 
| TURBO 4.77 / 8 MHZ $129.95 

JDR PART #.- MCT-TURBQ 

• 4.77 OR 8 MHi OPERATION WITH BOSS-2 

AND OPTIONAL S0S72 CO PROCESSOR 
■ DYNAMICALLY ADJUSTS SPEED DURING 

DISKETTE OPERATION FDR MAXIMUM 

THROUGHPUT AND RE LIABILITY 
. CHOICE OF NORMAL TUR80 MODE OR 

SOFTWARE SELECT PROCESSOR SPEED 



| STANDARD 4.77 MHZ $109.95 

JDR PART It: MCT-XTMB 

• BOSS CPU. OPTIONALS0S7 CO PHOCESSOR 

* 8 EXPANSION SLOTS 

. OK RAM INSTALLED. EXPANDABLE TO 

610K ON BOARD MEMORY 
■ ALL ICs SOCKETED-HIGHEST QUALITY PCB 
. ACCEPTS 27EJ OR 27123 HOIKS 



mrrrfi 
'.r r n n jgj 



mBlUJi'J 



HOW WITH FREE MCT BIOS! 

IBM COMPATIBLE INTERFACE CARDS 

ALL WITHAONE YEAR WARRANTY 



MULTI I/O FLOPPY CARD 



$89.95 






PERFECT FOR THE B4QK MOTHERBOARD 

• 2 DHIVE FLOPPY DISK CONTROLLER 
' 1 RS232 SERIAL PORT; 0PTI0NAL2nd 

SERIAL PORT 

■ PARALLEL PRINTER POHT 

■ GAME PORT 

• CLOCK /CALENDAR 

• SOFTWAHECLOCK UTILITIES, 
RAMOISK. SPOOLER 

OPTIONAL SERIAL POUT 11595 



MULTIFUNCTION CARD 



$04.95 



ALL THE FEA TURES OF AST'S 6 PACK PLUS AT HALF THE PRICE 
• CLOCK CALENDAR 
' 0-381 K RAM 
-*J^Z - ] ,, . * . -f rfi ' SERIAL PORT 

- PARALLEL PORT 

■ GAME POHT 

. SOFTWARE INCLUDED 

PRINTER CABLE 3995 

«K HAM UPGRADE s/jtiei 



-=:=;*"—-:»**- S3-?* •! 



COLOR GRAPHICS ADAPTOR 



$69.95 



gmm as j-j *■> *— * — r «— j —9 mm « h y 



FULLY COMPATIBLE WITH IBM COLOR CARD 

■ 4 VIDEO INTERFACES: RGB, 
COMPOSITE COLOR, HI-RES 
COMPOSITE MONOCHROME, 
CONNECTOR FOR RF MODULATOR 

• COLOR GRAPHICS MODE 320 x 200 
» MONO GRAPHICS MODE: 640 x 200 

■ LIGHT PEN INTERFACE 



$369951 



CRT MONITORS FOR ALL APPLICATIONS 

1 



_=_ 



HITACHI 

RGB MONITOR 

MODEL S0!0 
• MADE FOR ERICSSON 

BY HITACHI 
. DIGITAL RGB IBM COMPATIBLE 
. 12' SCREEN 

- RESOLUTION 640H . 200V 
. SBrnm DOT PITCH 
. CABLE FOR ISM PC INCLUDED 



SAMSUNG 

MONOCHROME 

MQD£LSM'J2SF 
i ISM COMPATIBLE TTL INPUT 
- 12 J NON GLARE AMBER. 
LOW DISTORTION SCREEN 

■ RESOLUTION. 720H x 350V 
r ATTRACTIVE CASE WITH 

SWIVEL BASE 

■ ONE YEAH WARRANTY 



CEHTER SYSTEMS 

MONOCHROME 

MODEL KLM-t2t1 
IBM COMPATIBLE TTL INPUT 
12" NON GLARE SCREEN 
VERY HIGH RESOLUTION 

i 500 LINES iCENTtRi. 
Z5 MH: BANDWIDTH 
CAELE FOR IBM PC INCLUDED 
IMBED Giteilf E MAILABLE 



$289.95 $119.95 $99.95 

1 A TTRACTIVE TILT A SWIVEL MONITOR STAHD ^12^ 
HALF HEIGHT HARD DISK SYSTEMS 

Includes half height hard disk drive, hard disk drive controller, cables 
and instructions. All drives ere pretested and are backed with a full 
one year warranty. 



10 MEGA BYTE HDD 
IOMEGA BYTE HDD 



MMI212 
SEAGATE ST-225 



$289.95 

$369.95, 



BUILD YOUR OWN 25SK 
XT COMPATIBLE SYSTEM 

'108" 

PRO-BIOS (A $20 VALDE) FREE! 
256K MM '26" 

130N POWER SUPPLY 'OS" 
FLIP-TOP CASE *aa" 

MGT-5150 KEYBOARD '5B" 
VtRTTAHMM DRIVE '79" 

MONOCHROME ADAPTOR *4fl« 
CENTER MONITOR '99" 

TOTAL: *571's 



IBM STYLE 
COMPUTER CASE 

AN ATTRACTIVE STEEL CASE WITH 

A HINGED LJO FITS THE POPULAR PC XT 

COMPATIBLE MOTHERBOARDS 



i SWITCH CUT. OUT ON SIDE FOR PC/XT 

STYLE POWER SUPPLY 
' CUT-OUT FOR 8 EXPANSION SLOTS 
• ALL HARDWARE INCLUDED 

3>u9.9u 



o 
o 
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MONOCHROME GRAPHICS CARD 



$79.95 



FULLY COMPATIBLE WIIBM MONOCHROME ADAPTOR & HERCULES GRAPHICS 

■ LOTUS COMPATIBLE 
< TEXT MODE: SO % 25 

• GRAPHICS MODE: 720 - 34S 

• PARALLEL PR1NTE R PORT; OPTIONAL 
SERIAL PORT 

■ STANDARD TTL COMPATIBLE 
OUTPUT 

OPTIONAL SERIAL PORT JIB.9S 



MONOCHROME ADAPTOR 



$49.95 



ANOTHER FANTASTIC VALUE FROM JDRI 

• IBM COMPATIBLE TTL OUTPUT - 720 ■ 350 PIXEL OIPLAY 

PLEASE NOTE: THIS CARD WILL NOT RUN LOTUS GRAPHICS AND DOES NOT INCLUOE A 
PARALLEL PORT 



FLOPPY DISK DRIVE ADAPTOR 



$34.95 



■ INTERFACES UP TO 4 STANDARD 
FDDi TO IBM PC OR COMPATIBLES 

- INCLUDES CABLE FOR TWO 
INTERNAL DRIVES 

* STANDARO DB37 FOR EXTERNAL 
DRIVES 

* RUNS QUAD DENSITY DRIVES 
WHEN USED WITH JFQRMAT 



1200 BAUD MODEMS 



HAYES COMPATIBLE, AUTO-DIAL AUTO-ANSWER, AUTO RE-DIAL ON BUSY, 
POWER-UP SELF TEST. FULL ONE YEAR WARRANTY 

MODEL 1200H* STAND-ALONE 

INTERNAL DESIGN 
HALF LENGTH (5" r CARD 
INCLUDES SPEAKER 



MODEL 1200B* 

> INTERNAL DESIGN 

• 10 INCH CARD 

. SERIAL PORT INCLUDED 



EXTERNAL DESIGN 
WITH POWER SUPPLY 
LED STATUS INDICATORS 



$139.95 



$119.95 



$149.95 



■FOR IBM, INCLUDES PC TALK III COMMUNICATIONS SOFTWARE 



#JDR Microdevices 



IBM COMPATIBLE KEYBOARDS 

MCT-5150 $59.95 



. " J 51 50" STYLE KEYBOARD 
- FULLY IBM COMPATIBLE 
* L£D STATUS INDICATORS FOR CAPS E. 
NUMBER LOCK 

■ LARGE. EASY TO REACH SHIFT & 
RETURN KEYS 

■ 83 KEY TYPEWRITER LAYOUT 



MCT-5151 



$79.95 



■-"-n 



■Zp£i : 



■ REPLACEMENT FOR KEVTRONICS 
KB 5151- 

• SEPARATE CURSOR A NUMERIC KEYPAD 

■ CAPS LOCK ft NUMBER LOCK 
INDICATORS 

- IMPROVED KEYBOARD LAYOUT 



MCT-50B0 



$59.95 



it- ■ 



• IBM AT STYLE LAYOUT 

. SOFTWARE AUTOSENSE FOR XT OR AT 

COMPATIBLES 
. EXTRA LARGE SHIFT & RETURN KEYS 
I LED INDICATORS FOR SCROLL CAPS & 

NUMBER LOCK 
■ AUTO REPEAT FEATURE 



MCT-5339 



$99.95 



rii iv "aini 



- IBM ENHANCED STYLE LAYOUT 
. SOFTWARE AUTOSENSE FOR XT OR AT 
COMPATIBLES 

■ 12 FUNCTION KEYS 

■ EXTRA LARGE SHIFT & HETURN KEYS 

> LED INDICATORS FOR SCROLL, CAPS & 

NUMBER LOCK 
. AUTO REPEATFEATURE 
r SEPARATE CURSOR PAD 



110 Knowles Drive, Los Gates, CA 95030 
Toll Free 800-53B-SOOO • (408) 866-6200 • FAX (408) 378-8927 • Telex 171-110 
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©COPYRIGHT 1986 JDR MICRODEVICES 



MARK V ELECTRONICS INC., 

248 EAST MAIN STREET. SUITE 100, I 

ALHAMBHA.CA 91801. C 

TELEX: 3716914 MARK 5 



TOLL FREE 
1-800-423-3483 

Only for order paid by Master or Visacard 

IN CAL: 1-800-521 -MARK 



INFORMATION: 1-818-282-1196 

, , MAILORDER: P.O.BOX6610 

Hg^j ALHAMBRA, 

CA91802 



CALL OR WRITE FOR A FREE CATALOG — OVER 60 HOT & WELL-QUALIFIED ITEMS FOR YOUR SELECTION! 



TALKING CLOCK 



150MG Universal Digital 
Frequency Counter sm-im 




PROFESSIONAL COLOR LIGHT 
CONTROLLER SM 323 



No. 8503 

1. Talk: puiri bulian \<tr vnitn jirmDuncfimefif n't lifltfi. 

?. Read Out; Iweivf hounj syHem dil-pllry fOr hfrjr, mingle. *«0«id [by «lrjn 
flKrO r AMfiiPM. 

3. DiipSiy: lhf«#dnpl»y raKi*f* pflime. ■Into time Si ditr> 

4. Alarm | on.rj.fr; swilch weih Ihirlv second* voice alarm. 

5 Snooze: r#rninder voce alarm el thirty second! after a mi nul« of tint voice 
alarm. 

fc. Volume; two tavd ol vcMce OUlpuE. 

7, L anrjvisc available: Engliih, 















MVNAH 65M 




...S16.90 



**• *** "J* »J* »*» *^ **» <^ »J* «J, *** •;» **• H^» fr •;« *^ «J» •** #J. ♦£♦ **• ' 

TA-1500 100W + 100W MEW CLASS "A' DC 
STEREO PRE- MAIN AMPLIFIER 




* 
* 



Frequency R*ng«: 10H*. 150MHz 

6v*nl Crtunl*.: id 99939399 counts. (8 Digit] 

Inpul iflmiliviiy: KHz range lOHj - lOMhi 50nWrros. 

MHznnge IMHr- 1 50MH? 4Qn.Vrmi . 
Response lime: 0.2 second. 
Hold Funclion: HalT the l.i-.f input signal 
Power Supply DC6V Battery or DC9V 250MA Adaplor. 
Dimension: 9^/9- K giVig- x 2^" 

A***mbi»d wrilh tacted , • 

.;* .;. .** .;. ^* .j* ^. pj. «j* ^ ^* *j» *** *** »j» «;» •;„ ^ .^ .3. $. .;. . 

TY-45 BAR/DOT AUDIO LEVEL DISPLAY 



* 

* 
* 




1 tHtijtiiJitii tij 



*> 



* .?. .. 1... 



MEKU. CAWCT/KrOfiWEFt , 

^ *** *fi* c* a ^.* a *** *!* a *t* *t* * a a a ****** a "C* *»* *c* a 



S 2 6/5 1 6.B0 



•:•:: 



Kit tM.95 <• 

> -r* *> *;■ •> *>•><"> «>$ <• *-> <* ■> *> <* ♦ <* ♦<»♦ ♦ *> ♦ <i* v •} »^ 
1 00W DYNAMIC CLASS "A" t 

MAIN POWER AMPLIFIER 



FEATURES: 

1. FDUH GROUPS OF INDEPENDENT OUTPUT SYSTEM iO00w,CH MAX. 

40B0W ■1K-117.-: 2. PROFESSIONAL COLOR CONTROL SYSTEM IKE'.' 
BOARD TYPE) 3. INDEPENDENT INPUT SIGNAL ADJUSTMENT *. FOUR 
GROUPS OF ir.rjL-r>E-h,rJLNT DIMMER CONTROL B 9EEO CChNTHOL 
CHASCfl C. AUTOMATIC CriALlMG CDNTHOL SYSTEM 7. FDUPl KIND? Of 
SPECIAL CHASING PRDOFtAH S. COMBINATION OF PROGRAM AND 
MUSIC CHASING EFFECT fl. FOflWAflDrBACKWAFID CHASING CONTROL 
5W.-326 »fs«? i-oh? eoniroLHr It tpwliilad fv t*iiiwr r nig*i[ club, diK« t^d 
kTv*-i ttuwii lighting. El cpnurli with manl kjIdt concrLiI r.rur-hrlMiii«|, *>hi<fh 
KTfjJoy | in if— I'm ml color tafitrc *yTtpm and tayboard iMxignm BikfclHKV, 
ThMlef*. It It tt&M* »■ produCuflt Ikjhtindj *f Ittll by Mirq cHininfl prDWBn tnd 
■Huf.w*:.!V{ mutie .hjntl 

Thwn n two kin* of Hytilinj arfadti. Tbt lint iyj» Ji DonTi-fl.l*C by 'mij|ke' 
tiflntl. In onJW U adjim Hi« brtfitHiim erf four oroupi ol Irflhfioin. *k*i mu.k: 
i>aoti will b* ftoerattd mie- hig<i. rT*oiij*n kwr A, end low B invtmv etnae. 

Fijr;-"Mrrp:.-». ikK grsvp of lijhLinci h WKOnwfMtid wiiti hi ,r-*tpip.3tn: ugr*l 



n b> 



Tha i»cora. kiixl ii 

eruElnp a ipk>ii rirahsine trrtci it hw tour tntting Broejr*>tn. 

DIMENSION: 14 tVlfi" X S 15r1S" X 3. %■: ■: • 

Ait. MHth tHttd .._ .-..„ ^. , 1 



CORDLESS SOLDERING IRON ♦ 
RECHARGEABLE ^^ % 

Eich »t J2Z.80 J 

^ A «£* **• A + J» •*• fy **♦ ♦** ^» •** A *Jr»- *j». i** A ^» A *** A ♦** A a *** 1 J.**** eX 

0-50V/3A POWER SUPPLY * 
W/SHORT CIRCUIT BREAK % 



m 



METAL CABINET/XTORMER . 

{♦■ *** +*♦ ♦*• »J+ ♦** ^* **♦ **J* *Jt *J* **♦ *** »*♦ ♦*♦ •*■ i** 



* 51.95 

S26/$t6.80 

I* 'I* *«* *"* ^ •** *J* *t* **♦■ *J* *J* **• 






[* *** +** +,*»»%*;* **• **» A •*»**« ♦£* A +J* A A A A A A A A *£* 

TA-240DA ELECTRONIC ECHO AND 
REVERBERATION AMPLIFIER 

_^-MA-A/^AAxA^T*JU»fVv 
5 REMIX records yourseH! | 



NF-CR BI-FET PRE-AMP ta-zsoo 







TA-503 




MJKi 



» ♦ ♦ ♦ ♦*♦♦ <* •> •;- ♦♦ •:• •:• * ♦ * •:• * <• ♦ «•>♦♦♦♦ * 



A». with tested ¥99.85 

*t* o *:» *i* ■;* *i* ^* *j* ^ o '** ••* *♦* *** ^* **■ *J^ ^ *j* ^* *t* *i* ^» *t" *j* *? *i« 
HIGH QUALITY 
MULTIPURPOSE PREAMPLIFIER 



STEREO SIMULATOR 



VV 60Wv¥RSATliLi1sfiREO , '' 
POWER BOOSTER _ _ 1 




rr> 1 1 iti'iitjt*»jB|P>weii» 




KIT . 

ASS. with tested 

A *^» A A A A *;•> *J* *** *t* A A A A A A A A A A A A *^ 



TA-3WM 



KIT ONLY $25.00 

Ydu can awn a stared TV from 'fsrl-i.y ' This limulstor is 3 
speciaf ctes-ign of using iha mosl advaricnablei mrjriop.Qisad 
L.S.I ll prdducetl > superior analog stereo effect since the 
LSI. Is equalled 60 pes of LOW NOISE FET & TRANSISTOR 
fhe stinijistor can sv*n htlp you to promote your television 
from 3 normal one to a spec -a I one with a Hi-Fi STEREO F-.j 1 1 u 
lion. Our simulator is also applicable to any Olher 'mono 
sources" in coveting il to ANALOG STEREO. Undoubtedly, it is 
the most advanced equipment ttjr every f.n'i .-,-. while it 
should contribute to your listening pleasure. 

O0.W 



A A A A A A A A A A A A A A- A 



BOW + 80W DC LOW TIM 
PRE-MAIN AMPLIFIER 



* 






■ ^tSP 






METAL c^aiNET/X'FORMrlR . 



S 2t..£ I6.B0 



ModtlrtD. 

TA-OOT 
TA-CCa 

TA-»7 

JA-OOfl 

TA-tO 

TA-50 A. n 

TA-1M 

TA^OJ 

TA-3CO 

'■■■:■'•:■ 
TA-iiJA 

TA^JJi 

TA4» 

TA-477 

TA-SOO 

TA402 

TA«20A 

TA-HODDA 

TA-1SD0 

rA-auM 

TA-IMM 

TA.MW 
TA-3000 
•i '.',-1.1 
5M-4S 
SM-iOO 
TY^3 
TR^355 A. r: 
TR«Q 



iicitlipi on Kill 

■W Mini Arfusiilur 
ew Minr Amprll-tr 
■ L»"iV SiweoPovuir aeoEtir 

ACrDC SMOULDER AMPLIFIER 

STEFIEO PREAMPLIFIER WITH MAGNETIC MIC AMP 

MULTI-PURPOSE MELODY CENEHATOH 

PURE CLA55"A" MAIN POWER AMPLIFIER 
JOW AtVOt STEREO AMPLIFIER 
DCW V d li f Pu'-pBSB Sirwjll iTHinm; Amp. 

eow Siena n : /,.■ ■ EtHitir 

H: ph Ou il ily 3C^- SOW Si»rtc AmpJIftr 

£0iU IC S(ty«0 Pi*'Anwlifi«r & Fawir Amplif itr 

4CW TRANSISTORIZED MONO-AMPLIFIER 

I 30-.V MOSFET POWER AMPLIFIER 

SOWtflffrV DC LOW TIM PREAMPLIFIER ft PflWSR AMP. 

AQW-BOW FURE OC. S-fM,i !-:mm AMP. rlWi'SPEASiEfl) 

tOW-eow 0(tL DC PRE. MAIN 4 STEREO AMPLIFIER 

IODW DYNAMIC CLASS"A" MAIN POWER AMP (MONO) 

IOWVkZ NEW CLASS" A" OC 5TEHCO PRE-MAIN AMP 

ELECTRONIC FtwOANOHEVEKQERATlG^ AMf 

HIGH QUALITY MULTI-PURPOSE PRE-AMPL1FIER 

DC FET SUPER CLASS" A" PREAMPLIFIER T ' 

NF-CR HI-FFjT PRE.AMP IWITH 3WaV TONE CONTROL! 

STEREO SIMULATOR 

3 1ra MULTI-functIO«AL LED D.P.M. 

A 1^ HI<PHECI$rQh D.P.M. 

5 DIGrT 1BTJMG FREQUENCY COUNTtn 
3 if 2 DIGITAL PANEL METER 

3-5A REGULATED DC POWER SUPPLY 

Q-lSVr3A POWEH SUPPLY WITH SHORT CIRCUIT BREAK 

6 OVERLOAD PROTECTOR 



AAA 


A A *** *** 4>** 


iMinbJtd 


UMtrrlai 


Kit 


S390 


KEt 


S4.S2 


KIT 


S8.00 


Au 


SJB.M 


Kkt 


K.CO 


Kit 


tiU.'O 


Kit 


S2E.CO 


An 


s&o.oa 


Kit 


Si 1.07 


Kir.A-.! 


tmmwwa 


Kit 


SM.«J 


Kit 


120.50 


Kit 


S13.B4 


Kh 


sei.^s 


Kit 


*S5.» 


Kil 


S3»«5 


Kil 


S43.03 


Kil 


SSI. OS 


Kd 


S47.00 


Am 


S09.85 


Au 


S».O0 


Kil 


tseoo 


Kit 


SU.SD 


Kii/Ant. 


SZS.DDr3rj.CO 


KiirAw 


S2S.23r35.CO 


KilfAa. 


S3S.D0.'43.OO 


ah 


strir.oo 


Kit 




Kit 


SB.SH 



* A **- •*♦ A *J* +J+ *J+ A A A A A *** A *** *** *^* *** *** *J* *J* **♦ ♦+♦ *** *** *♦* *** *** **"* *** *** *•* *** "»" •** *•* A *** *»* A- »*+ «** *** * J* *** »"* 



Tft-ioa 

TY.1AMK4 
TY-7 

TY-11A 

TY.tS 

TY-13 

TY-M 

TY-IS 

TY-20 

TYJ311 

TY-^S 

TY^E. 

TYJB 

TYJ* 

TY-fl MKIII 

TY-*3 

TY-45 

TV-*T 

YAMAT0400T 

T1 

T? 

B501 

S502 

3M-J 

NO. 620 



0-15V2A REGULATED DC POWER SUPPLY 

BATTERY PLyOPESCENT LTGHT 

ELECTRONIC TOUCH SWITCH 

MULTI-FUNCTIONAL CONTROL RELAY 

DIGITAL CLOCK WITH TWO TIMER 

COLOR LED VU METER 

ELECTRONIC SHOCK 

HIGH PRECISION SOUND CONTROL SWITCH 

SUPERSENSITIVE COLOR POWER LEVEL INDICATOR 

COLOR LIGHT CONTROLLER 

SPEAKER PROTECTOH 

F M WjftE L F55 M iCROPhONE 

ACfDC QUARTZ DIGITAL CLOClK 

SOUND OR TOUCH CONTROL SWITCH 

INFRARED REMOTE CONTROL UNIT 

BAR/OOT LEVEL METER 

BARIOOT AUDIO LEVEL DISPLAY 

SUPERIOR ELECTRONIC ROULETTE 

SH Ol GtTAL MULTIMETER 

LC0 THERMOMETER CLOCK W/IN^OUT DOOR SENSOR 

LCD THERMOMETER CLOCK wyf^C* MEASURING 

TALKING CLOCK [PARHOT r 

TALKING CLOCK [COCKATOO, 

TALKING CLOCK IMVNAH, GOLDEN OH BlACKI 

CORDLEKSOLOEfilNG IRON RECHARGEABLE 



KIT 
Kh 
■SET 

■ SET 

• SET 

■ SET 

• SET 
■SET 

• SET 



METALCA61NETSW1TH ALUMINIUM PANEL 

LG.273 $"x ir«r 

LG1S&4 ^'nlOS" 

LG1»* 4"Jf lDf-pi 11.B- 

LGt«E S"n.«"« 11,5" 



UWKfBOM 
S3.« 

ts.so 
».» 

113.89 
S17.SO 
WOO 

siaso 

■BOVAH 

f&BO 

S7.6S 

Ste.92 

S10.O3 

tJ5ft>/3*,Ou 

S5.JM 

IM.96 

H.fj.5? 

S33&0 

s2o\oa 

SieAG 
Si 7.75 



sie.rjfj 
(22,00 
(24.DQ 

S26.0Q 



WE CAN SUPPLY HIGH POWER TRANSFORMERS FOR OUR KITS, PLEASE REFER TO OUR CATALOG! 



TERMS: Minimum order: $10.00. Charge card order $20.00. No C.O.D.! Check & Money order, phone order accept. CA. residents must in- 
elude 6.5% sales tax. Prices are subject to change without notice. All merchandise subject to prior sale. Shipping Si handling: Inside LA. 5% of 
total order (Mir>. $1.50). Outside LA, 10% of total orde (Min. $2.50), Outside U.S.A. 20% of total order (Min. $5.00). Shipped by UPS ground. 
HOURS: Mon-Fri 9:30 to 500, Sat 9:30 to 1:00 (PACIFIC TIME) 
NATION-WIDE DISTRIBUTORS WANTED FOR OUR PRODUCTS, QUANTITY DISCOUNTS AVAILABLE! 
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74QO 



Pj:IN<j 


1-9 


10, 


fir. No 


1-9 


io+ 


7400. 


... 29 


.19 


7485. 


. . £5 


.55 


74Q2 


... 29 


.19 


7488. 


. . .45 


35 


7404. . . . . 


... 35 


.25 


7489 


- , 2.05 


use 


7405. 


... 39 


.29 


7490 


... .49 


39 


7406. 


... 39 


29 


7493 


... .45 


36 


7407. .... 


... .39 


.29 


74121 


... .45 


.35 


7408, 


,..35 


35 


74123. . . . 


... .59 


.49 


7410. 


. . . .35 


25 


74125 . . . 


... ,55 


.45 


7414. 


. .. .49 


39 


74125. . . . 


... .75 


£5 


7416. 


. .. .45 


.35 


74143, , . . 


...4.05 


3.95 


7417. . . . . 


. .. .45 


.35 


7415a . . . 


...135 


125 


7420, 


... 35 


2h 


74154. . . . 


... 135 


125 


7430 


.,.35 


25 


7415a . . . 


... 1-59 


1.49 


7432. 


...39 


29 


74173 . . . 


... .85 


.75 


743a 


... 39 


23 


74174. . . . 


... .65 


.55 


7442. 


... .55 


.45 


Ml 75 


... .55 


.55 


7445. . . - 


... .79 


.69 


74176. . . . 


... .99 


.89 


7446, 


... ,89 


,79 


74181 


1.95 


135 


7447 


... .39 


.79 


74189. . . . 


. . . 2.05 


1,95 


7448. 


.205 


1.95 


74193. . . . 


... .79 


.89 


7472. 


. . . .75 


.65 


74198 - , 


.135 


1,75 


7473 


... ,45 


35 


74221 


... .99 


39 


7474 


... .45 


35 


74273 


. . . 2.05 


1.95 


7475 


... .49 


.19 


74365 . 


... 39 


.59 


7176 


. . .45 


3b 


74367. . . . 


... .69 


.59 



y-ms 



74LSOQ. . . 
74LS02... 
74LS04. . . 
74LSB5. . . 
74LS06 .. 
74LS07. . . 
74LS06 . . 
74LS10. 
74LS14. .. 
74LS27. . 
74LS30. . . 
74L532- . . 
74LS42. . . 
74LS47. . . 
74LS73. . . 
74LS74. . . 
74LS75. . . 
74LS76, . 
74LS85. . . 
74LS86. . 
74LS90. 
74LS93. . . 

74LS125. 
74LS138. 
74LS139. 

74LS154. . 
74LS1 57. , 
74LS1 58. . 
74LS163-. 
74LS1 64. 



. 29 
- 23 

35 
. 35 

. 1.09 

. 1 09 



35 
29 
.35 
.49 
.99 
39 
35 
39 
35 
.59 
35 
.49 



, ,49 
. 1.09 
. A5 
. AS 



74LS1B5.. 
74L5166.. 
74LS173,. 
74LS174. . 
74LS17S 
74LS189. 
74LS191. . 
74LS193 
71LS221.. 
74LS240. . 
74LS243. . 
74LS244. . 
74LS245. . 
74LS259 . 
74LS273. . 
74LS279 
74LS322. . 
74LS365.. 
74LS366 
74LS367. . 
74LS368. 
74LS3T3 . 
74LS374, . 
74LS393. . 
74LS590. . 
74LS624. 
74LS629. . 
74LS640. . 
74LS645. . 
74LS670. 
74LS688. 



75 .55 

. .99 39 

. 39 .43 

. .49 39 

. .49 39 

. 439 4.49 

. 39 .49 



.79 



■:,•:> 



.69 .59 



. .49 39 
. 4,05 395 
39 
39 
39 



39 
39 



. .49 
. .49 
. A3 

. .79 
. .79 
. 89 .79 
.605 555 
,2.05 155 
. 229 219 
. 1.09 .99 
. 1 .09 .99 
. 1.09 .99 
. 2.05 1-95 



74S/PROMS* 



















T4SGS. 


.35 


74S196., 


2.49 


74S1G. 


.29 


74S240. 


„*,. 1.40 


74S32, 


.35 


7*5244 


,..., 149 


74574 


..... .45 


74S2S3. 


. .73 


7-4585. 


, 1.70 






?4SS6l 


35 


74saas* 


..... 1.49 




2,95 


745373. 




74S174. 


..... .79 


745374 


1.4B 


74S1 75. 


.79 


74S472". 


. , . 2,95 



74ALS 





35 
.... 35 






74ALS02 


74ALS174, 


.... JBB 


74ALS04 


.... 39 


74ALS175. 


.... 39 


74ALS08, 


.... 39 


74AL5240. 


1 .49 


74ALS10, 


.... 39 


74ALS244. 


. . . . 1.49 


74ALS27 


39 


74ALS245 


1.49 


74ALS30. 


.... 39 


74AL5373. 


.... 1.69 


74ALS32 


.... 39 


74ALS374 


. ... 1.69 


74ALS74 


-;.' 


74AI W73 


1.69 



74F 



74F00. . . . 


39 


74F139. . . 


.89 


74FQ4 


39 


74F157. .......... 


.95 


74F0& . , 


39 


74F193. . 


3.95 


74F1Q. . . . 


39 


74F240 


139 






74F2S3 




74F?4v . . . 


.49 


39 


74FB&. . . . 


39 


74F373 


1.39 


74F13& 


89 


74F374. . . . 


139 


CO— 1 


:mos 


CD4Q01 


.... . .19 


CD-'.OTG 


.55 


CD4006 


.89 


CD4081 


25 


C04011 


19 


CQ40S2, 


25 


CD4013 . 


29 


CD4093 


35 


CD4016. 


23 


CO4094. 


39 


CD4017. 


35, 


CD40103 


2.49 








39 


GD4020. . 


59 


CD4S03. 


35 


CD4024. . 


.49 


CD4510, 


.69 


CD4027.. 


35 




. .69 


CD4030 


23 


CO4520 


.75 


OUJIJJC 


36 


C04522 


.79 


CO4049. . 


23 


C04538 


.79 


CO4050 


23 


CD4541 


. 69 


C04051. 


39 






CD4052- 


SB 




.4.95 


C040S3 


39 


CD455S. 


. .79 


C04059. 


3,95 


CD456S....... 


.2.49 


CD4063 


135 


C04S72 (MCI 4572 


., 39 


CD4066 


23 


CD4583. 


. 39 


CO4069. 


35 


CD4S84. 


. .39 


C04O7O. 


35 


C04585 


39 




25 


MC14411P 

MC14490P. 


.8.95 


CD4072. . 


2? 


.4.49 



COMMODORE CHIPS 



Pirl Ma 


JVc* 


Part No, 


Pric* 


PaHNo. 


Pncc 


WD1770Dif«C3nl. - 

SK3Q52P 5V Fte. fl#( 


- 19 95 
U 5.95 

1.95 
4.95 
.. 8.95 
995 
1.76 

755 
. 14.35 

4.S5 
u Ar 645 


6545-1 CfiTC. 

5551 ACUL 


2.49 

3?$ 


S70VClKkCtup. 


9.95 








5567 WC-H. . . 

6S&9 WC ML 

5572 VIC PftL-K 


1455 

-14.95 

. . . 1455 


*251 104-04 Wrnal ROM. 
"325572-01 LOfltC ftrXf , 
■a25100PtAl906"fl-OH 
*901 225-01 Chat ROM.. 
'901228-01 BASE ROM, 
■901227-03 KwivS ROW. 
'901223-05 Upgrd. BOM 
"Mo spec «'.o:i:ii'i" 
"f*rc &3S100PIA = 1J1 




GSOB MRU w.'HAM £ Itf 


24.95 








B3BQ '■■.'! Editing. . . 


10.95 


















8563 CiTT Catt . . . 


15.95 















NEC VaO & V3Q CHIPS 

Replace the 8086 or 8088 in Your IBM-PC and 
WHO. Increase Its Speed by up to 40%! p™ 

UPO701 08-5 (5MH2) V20 Chip (Replaces the 80 98) $ 9.9S 

UPD 701 08-8 (8MHz) V20 Chip (Replaces the 8088-2) S11.95 

UPO70116-8 (8MHI) V30 Chip (Replaces the 80S 6 or 8086-2) S 14.95 

UPO701 16-10 (10MHz) V30 Chip (Replaces the 8086 or 808S-2) S34.95 

MICROPROCESSOR COMPONENTS 



MISCEtUNEDUS I 

Pan No 











CDP1 302CF- 
2661-3..... 


435 
5l9S 


730, Z80A. ZWB SEJ1IES 


ZSQ-CTC, „ „ „ 

4^0-DART. 

ZE30-P1D. 

ZSOA, 

ZSOA-CTC 

Z80A-QART. . . . 

ZSOA-PH3 

ZBOA-StOrt). .... 


1.79 
4.95 
1.7fl 

. . 1-35 
1.49 
4.S5 
14& 

..495 


ZeOB-GTC 

ZBOfl-J*}. 


3,49 
4^9 

DOSER. 


65CD2 ^CMCS> 


...8.9S 




























. . . 1.29 



D500'C300'&SDD0 Cant. 
PcrtNo, Price 



















G8S2 


. . . 3.95 


C8000LS. 11^5 

6ft6eiPe 5,95 

eooo SERIES 

0031 , Ttt , . ™" 295 


SOC31BH. 


. . 14.95 










8085A. 


225 


S0S6-2 

SOe7(5MI-b> 


&95 
125-00 
15955 


8088-2. 


8.96 


























8224 


. . . 226 



BOOO SERIES Coni, 
Part Nft. Pri 



8228; 


. 249 


8237-5- 


-.4.95 


B243. 


.. 225 


8250*. 


. . 549 


B250B IRDr IBM) 


...695 


B251 A. 


. . 1.75 


8253-5 




8254. . 


..20B 


S255A-5. 


.. 1.69 


5257-5 


. . 2,49 


8259-5 


. . 1.95 


8272 




8279-5 


. 295 


8741 


10.95 


8748 


. . 7.95 


8749. 


. .9.95 


8751.. 


3995 


8755. . 


. 1 435 


twn jwjuisition 


ADC0aG4L.CN. . 


. . 3.19 


ADC080BCCN. . 


.5.95 


ADCOS09CCM. 


..3,95 


ADC0816CCN.. 


.14.95 


ADC0S17OCN. . 


...895 


DACOBOSLCM. 


. . 1 .95 


PAC100BLCM. 


..6.49 


AY^-1015D.... 


..4.95 







tot Ha 



Function 



- DYNAMIC RAWS - 



4115-15 15384X1 
4128-20 (PSgovbot*) 131,072 « 1 

4164-150 65536x1 

4184-200 85l536x1 

TMS4416-12 ia384x4 

8118 16384x1 

41256-150 262144x1 

50464-15 65536x4 



[150ns). 

(200TS) 

(150ns) 

(200ns) 

(120ns) 

(120ns) 

1150ns) 

(150ns) (4461) ;4l 4841 
- STATIC RAMS - 



89 
4.49 
. 1.15 
. .95 
455 
69 
.2.95 
.435 



2016-12 2046x6 (120ns) ; 

2102 1024x1 (350ns) 

2102-2L 1024x1 (250ns) Lnw Rower (91 L02). 

2114N 1024x4 (450ns) 

2114N-L 1024x4 (450ns) Low Power. . 

2114N-2 1024x4 (200ns! 

2114I+2L 1024x4 (200ns) Low Pewer. 

21C14 1024X4 (200ns) (CMOS) 

2149 1024x4 (45ns) 

5101 255x4 {450ns) CMOS. 

6116LP-2 2048x8 ( 1 20ns) Low Power CMOS. . 

6116P-3 2048x8 (150ns) CMOS. 

6118LP-3 2048x8 (150ns) Low Rawer. 

6264P-12 8192x8 (120ns) CMOS. 

6264UM2 8192x8 (1 20ns) Low Prwer CMOS. 

6264P-15 8192x8 (150ns) CMOS. 

6264LFM5 8192x8 (150ns) Low Power CMOS- 

651 4 1 024 X 4 (350ns) CMOS (UPD444C) - 

43256-1SL 32,768 x B (150n&) Low Power. 

PROMS /EPR0M5 



. 1«9 
. 39 

. 1.95 
. .99 
. 1.09 
. 105 
. 1.49 
. .49 
.4.95 
. 135 
.2 95 



.. 195 
.. 389 
.425 
..359 
. 3.75 
. . 4.49 
. 24.95 



1702 A 

TMS2516 

TMS2532 

TMS2564 

2708 

TMS2716 

2716 

2716-1 

27C16 

2732 

2732 A-20 

2732A-25 

2732 A-45 

27C32 

2764-20 

2764-25 

2764A-25 

2764J5 

27C64 

27126-25 

27128A-25 

27C 128-25 

27256-25 

27C256.25 

27512.25 

68764 

68766 

74S387 

74S471 

NS2S123 



256X8 

2048x8 

4098x8 

8192x8 

1024x8 

2048x6 

2048x8 

£048x8 

2048x8 

4096x8 

4095x8 

4096X8 

4096x8 

4096x8 

8192x8 

8192x8 

6192x8 

8192x8 

8192X8 

15384x8 

16384x8 

16384x8 

32.768 x 8 

32,768 X 8 

65,536x8 

8192x8 

8192x6 

256X4 

256x8 

32x8 



(1US). 

(450ns) 25V. . 
(450ns) 25V. . 
(450ns) 25V. . 

(450ns) 

(4S0ns) 3 v 

1450ns) 

(350ns) 25V. 

(460ns) 25V (CMOS) 

(450ns) 

(200ns) 21V. 

(250ns)2iv. 

(450ns) 21V. 

(450ns) 2SV (CMOS). . 

(200ns) 21 V 

(250ns) 21 V. 

(250ns) 125V. 

(450ns) 21 V 

(450ns) 21V (CMOS) 

(250ns) 128K21 V. ............ 

(250ns) 123V. 

(250ns) 21 V (CMOS) 

(250ns) 2S6K (12,5V) 

(250ns) 256K (CMOS) (125V). 

(250ns) 512K (12.SV) 

(450ns) 25V 

(350ns) 25V. , 

PROM O.C_ 

PROM XS. 

PROM TS. 



6.95 
. 4.95 
. 5.95 
.895 
..435 
,935 
.3.75 
.435 
. .6.49 
.3.95 
..455 
. .3.95 
. .3.75 
. .649 
.425 
. . 3.75 
..425 
. .3.49 
. . 5.49 
. .425 
..495 
..5.95 
, . 5.95 
.895 
. 1935 
, 1535 
. 1695 
.. 139 
..4.95 
..I A3 



SATELLITE TV 
DESCRAMBLER CHIP 

Ttifl MM5321 «s a Tv camera irnc Qtncrator designed 10 
supply the basic sync functions tor oiSher color Or mono- 
chrome 525 line/QQHz interfaced and came/0 video recor ;1 c r 
QppliCAtions COLOH BURST GATE ft SYNC 

ALLOW STABLE COLOR OPERATION 

MM5321N $11.95 

INTERSIL Also Available! 
74HC HI-SPEED CMOS 



Part No. 


Pric« 


Pari Ho 


Price 




25 






74HC02. 


35 


74MC221 


.... 39 


74HC04 


.... 29 


74HC240. 


.79 


74HC08. 


.... 23 


74HC244. 


.79 


74HC1 0. 


.... 29 


74HC245. 


39 


74HC14 


.... .49 


74HC253. 


... . 39 


74HC30 


... 39 


74HC259 


35 


74HC32 ...... 


.... 29 


74HC273, 


.79 


74HC74. 


.... 39 


74HC373 


.... .79 


74HC75 


.... 39 


74HC374, 


.79 


74HC76 


.... AS 


74HC393. ..... 


.... .75 


74HCS5, 


.... .79 


74HC595. 


... 1.19 


74HC86. - 


.... 39 


74HC686 


79 


74HC123- 


.... 83 


74HC4040. 


89 


74HC125. 


.49 


74HC4049. . . . 


39 


























74HC154. 


1.19 


74HC4514. . . . 


1.19 


74HC163. 


.85 


74HC4538. . . - 


.... 39 






74HC4543. . . 









74HCT 


— CMOSTTL 


74HCT00. . . 


.23 


74HCT139 59 


74HCT02 


J9 


74HCT1 57 69 


74HCT04 


.29 


74HCT174 89 


74HCT08 


23 


74HCT175 89 


74HCT10 


ft 


71HCT240. 99 


74HCT32. .... 


.29 


74HCT244 .99 


74HCT74. . 


.49 


74HCT245 1.19 


74HCT36 


. .49 


74HCI373 1.19 


74HCTI38. 


S3 


74HC1374 1.19 







74C-CWOS 



74G00. 23 

74C02 29 

74C04 29 

74C06 38 

74C1 0. 35 

74C14 ,49 

74C32. 35 

74C74 39 

74C65. 139 

74C86. 35 

74C89 5.19 

74C93. 39 

74C154 Z95 

74C173. 1"S 



LINEAR 



DSO025CN 135 

TL074CN 39 

TL084CN. .99 

AF100-ICN. 895 

LM307N. . , 45 

LM309K. 125 

LM311M ,45 

LM31 7T .79 

LM313N 39 

LM319M .99 

I M32.-JK 335 

LM324N 39 

LM338K. 435 

LM339N. 39 

LP347NL 1.79 

LM348N. 39 

LM350T. 295 

LF35IM 39 

LP353N, ,49 

U=355N 79 

LF356M. 79 

LF357N 1,09 

LM35SN .49 

LM350N 219 

LM3S1N 1.79 

LM380N-81 .99 

LM336N-3. 33 

LM387N. 39 

LM393N. 39 

LM399H 235 

LF411CN. ,79 

TL497ACN. 269 

NE540H (C540H) ....235 

NEE55V. 29 

XB-L555. .75 

LM556M .48 

NES58N 39 

LM565N 39 

LM587V. .69 

NES92M. 39 

LM741CM 29 

LM747CM 53 

MCI35a 1AB 

MC1372P. 249 

MC1377P. 319 

MC1398P. 835 

LM1414rJ. 129 



74C174 . 

74CT75.. 

74C221., 

74C240.. 

74C244.. 

74C373. , 

74C374. . 

74C912. . 

74C91S . 

74C920 

74C921.. 

74C922 , 

74C923-. 

74C925 



. .79 
. .79 
. 1.49 
. 129 
. 1.29 
. 1.49 
. 1.49 
7.95 
. 1.39 
.935 
.9.95 
.395 
. 335 
.5.95 



LM145BN. , , 

LM1488N 

0S14C88M(CMOS) 

LM14B9N 

DS14C89N(CMOS) 

LM1495r4, 

MC1648P. 

LM1871N ,. 

LM1872M. 

LM1896N-1 

UUM2003A 

XR2206. 

XR2211 

XR2243 

DS26LS29CN, 

DS26LS3tCM 

DS28LS32CN. 

DS25LS33CM. 

LM2901 N 

LM2907N. 

LM2917N(8pin) 

MC3419CL... 

MC3446N 

MC3450P- - - . 

MC3470P. 

MC3471P. 

MC3479P. 

MC34S6P. 

MC3437P. 

LM3900N, 

Uil3905K 

LM3909N. 

LM3914N. 

LM3915N... 

NE5532 

NE5534, 

7S05K (LM340K-5) . 
78l2K(LM340*i-12) 
781SK(LM340K-t5| 
7805T (LM340T-5) . 
7812T(LM34DT.12) 
7815TILM340T.15) 
7905K (LM3204t5) . 
7905T (LM320T-5) . 

75472. . , 

75477 

78477. 

MC145406P, 



1.19 
.49 
1.19 
.85 
4.95 
2.95 
2.95 
1.59 

3.95 

235 

135 

4.49 

1.19 

1.19 

1.95 

.49 

2.49 

1.55 

995 

2.95 

235 

1.95 

435 

4.79 

1.69 

1.69 

.49 

1.19 

-99 

1.95 

1.95 

.89 

.69 

129 

.129 

129 

.49 

. .49 

.49 

.135 

.59 

.99 

129 

5.95 

2.95 



IC SOCKETS 



LowProfri* 




Win WHp (Gold} L*v*J *3 








14 pin LP. 


. .12 


14pmWW. £5 


lepriLP, 


- .13 


16- pin WW. JBB 


24 pin UP. 


. -25 


24 pm WW. 1.19 


28 p*l LP. 


. 27 


ZBpinWW., 1,39 


40 pin LP. 


. .29 


40 pin WW ,.. 1.89 



SoMtrt.ll Stinitiia I Colo mm 1 Ktiat, H„ Soc ken tin As llible 



PARTIAL LISTING ■ OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! « CALL FOR QUANTITY DISCOUNTS 



CIRCLE 114 ON FREE INFORMATION CARD 



E 



UPDATE: Our 1987 Product Selection Guide is 
Here! 94 Pages of Components, Peripherals & More! 




COMMODORE' COMPATIBLE 
ACCESSORIES 




HESWARE 300 Baud Modem 
For V1C-20 and C-64 

■ Connects directly to User Port - Manual Answer/ 
DiaJ • Function keys defined for convenience 
' Includes Midwest Micro Associates communi- 
cation sottware- 

CM-1 (ForVIC^OnndC-64)- „ * - * . $34.95 

RS232 INTERFACE 

Allows connection of standard serial devices, 

JE232CM (ForVIC-20.C'64&C-12S') $39.95 

"Operation waih iheG. 128 In G4 mode only. 

External Power Supply 
CPS-10 ifoic-m) $39.95 

Parallel Printer Interface 

2K Buffer. ExpvnfabtQ to 10KI 
MW-350 {For¥tC-2P,C-64aC-12S). . . . $54.95 

Input/Output Card 

16-CbBnnel Analog Multiplexer 

MW-611 iR*c-64.«c-t28) $199.95 

TRS-80/TANDY COMPATIBLE 
ACCESSORIES 

E-X-P-A-N-D TRS-80 MEMORY 

Aft kits come complete with documentation 




TRS-80 MODEL 4. 4R & 4D 64K, I28K EXPANSION 
THS-64K-2 $7.95 

Expands Motto! J Irom 1 6K-64K or MorJel A (Gate Array 

\fcrsion). 4P and 4D Irom 64K-123K 

THS-64K-2PAL $14.95 

Expands Model ■'■ i r. or. ■ Sate A/ray Version) Irom 6dK to 1 28K 

TRS-80 MODEL 100 8K EXPANSION 

M100BK- $19.95 «. or 3 tor $54.95 

zik:ki=i?i3g4i?d 

TANDY 1000 

Expansion Memory 

Half Card 

Expand the memory of your 
Tandy 1000 (12SK Version, to 
os much as 640K Also includes 
DMA controller chip. 

TAN-EM256K includes 2&6K RAM $ 99.95 

TAN-EM512K includes 51 2K RAM $129.95 

Options for TAN-EM25GK/512K 
TAIY-C Hug-in Clock option chip (onfy). . . S39.95 

TAN-D RAM Disk Printer SpOOlor Soft^ware (only) $39.95 

TANDY 1000 
Multifunction 

Board with 
Clock Calendar 

Expand tne memory on yourTantly 1000(1 23K Inorsion) ton 
much as640K. Complete with an RS232 port clock/calendar, 
RAM Dish Printer Spooler and onboard DMA controller chip. 

MTAN-256K Includes 2&6K RAM, „.. , $1 79.95 

MTAN-512K incudes 5 t2K ram $209.95 

UV-EPROM ERASER 



Eram all EHtDMt. Eru« up to 8 chip* within 21 rrinutas 

(1 chip in 1 5 minutes). Maintainsconstant exposure distance 
oil'. Special conductive team Hoe* eliminates sialic build- up. 
Bu il: - in safety lock LP prevent Uv exposure. Compact - 9.00T 
x 3.70"W x 2.6r/H Complete wilh hoidino iray for fl cnips 

DE-4 UV-EPROM Eraser. . . . $69.95 

UVS-1 1 EL Replacement Bulb. 





NOW YOU CAW BUILD AH IBM PC/XT COMPATIBLE! 

IBM Compatible Kit 

I DM - 64 K ( 2 ) <~J r, r: a m i :™ ;■ i '. ii . S 19.90 

KBB3 S3-Ko» Keyboard $ 29.95 

I* IBM-FCC Floppy Cpntroller Card S 39,95 

IBM-Case Case S 39.95 

I IBM-MCC Honoohrome Cord . , $ 69.95 

Si?3BM^>W( IBM-PS River Supply S 69.95 

- A LB' jAbMB tt FD55B D '' A Drt ™ $109.95 

3** aj^iB«^^^*^5Lr IB M-MON Wonpehromo Moniior S 99.95 

MeltBm IBM-MB Motherboard . $129.95 

*•■■ FREEIQUICKSOFTPC 
.tfcn^ ' -TS-r- WRITE WORD PROCESSING 
l *"8 > P ffl SOFTWARE INCLUDED! 

Regular List $609.50 

IBM-Special (Includes 9 items above) $549.95 

ADDITIONAL ADD-ONS AVAILABLE! 

IBM-KB 83-Key Keyboard $ 69.95 

IBM-ENH Enhanced Keyboard $ 89.95 

IBM-ICB Integrated Color Board w/Printer Port $ 99.95 

IBM-EGA Enhanced Graphics 256K RAM $259.95 

IBM-MGA Monochrome Graphics Adapter $149.95 

IBM-MULTI Multifunction 0-384K RAM (without RAM). . . . $149.95 
IBM-20MBK 20M B Hard Disk Drive, Control ler* Cable. . . . $449.95 
EM- 1 00 Expansion Memory Half Card (without RAM) ... $ 59.95 

TTX-1410 14" RGB Color Monitor. $299.95 

IS i'.f is a registered trademark of fBM Ccrr-pu teis 




ProModem 1200/300 Baud 
Half-Card Modems 

For IBM PC, XT, AT & Compatibles 

- Auto-answer/Auto-dlal ■ Extensive diagnostics ■ Burl- 
in speaker/40!, control ' AutD redia] on busy ■ Ability to 
access Corn-port 3 » Haves compatible ■ 2 yr. warranty 

PM 1 20 OB-2 without softwa re $1 29.35 

PM1200B-2S w/Mlrror- Software... SI 59.95 



2 yr. warranty! ZOOM 300 Baud Modem 

for Apple II, 11+ and We 

■ Auto-dial/Autp-answer ■ Heyes com- 
patible ■ Includes call progress monitor, 
speaker. Zoom Communications software 
and manual ■ Made in U.S. A 




ZM300 $89.95 



ProModem 1200/300 

for Apple II, in. lie and II GS 
Fully Compatible with the NEW APPLE II GS! 

* NEW, single card vernon ■ Huill-m soft- 
ware in BOM ■ Comes with ProCom-A disk- 
based communications software -Hayes 
compatible - Compatible with ProDOS 
■ Auto-dial /Auto-answer ■ Auto redial on 
busy -BullMn speaker and volume con- 
trol ■ 1 phone jacks wilh exclusion switch- 
ing ■ 2-year warranty 




PM1200A-2 $199.95 



ra 




$19.95 | 



ProModem 2400/1200/300 
Baud Modems 

For Any Computer W/RS232 Serial Port 

« Haye& command compatible ■ Call progress trjne detection 

■ Auto rcdial on busy ■ internal power supply ■ Vmce/dala swilcn ■ 
ing ■ Second dtione jack tor voice handsel ■ Auto-answer/Auto- 
difll ■ Touch lone and pulse dialing ■ Speaker with volume control 

■ 8 LEO status lighls - l -year warranty 

PM1200G {1200/300 baud) $199,95 

PM2400G (2400/1200/300 baud). . . . $379.95 

ProCom-B [Cwnmunlcation <Softwar* . . . $34*95 
For IBM PC and CompatiblM) 



APPLE COMPATIBLE 
ACCESSORIES 



amfeCO Parallel Printer Card 
Iesseeehs for Apple II ,11+ and We 

■ Intelligent interface to 
most dot matrix graphics 
printers 

- Centronics standard 

■ Advanced text printing 

JE830 PSrotlci Prtntor Cartf, , * a. + . . . $49.95 

JES83 wKBuffwtc-rJEaao. $69.95 





Extended 80-Column 
Card for Apple lie 

■ 80 Co1./64K RAM ■ Doubles 
amount ol data your Appla iVa 
can display as well as \7. mem- 
ory capacity ■ Ideat tor word 
processing ■ Complete with 
in slruOtJDns 

JE864 $59.95 



Apple II, 11+ and lie 
Compatible Products 



Cooling Fen. .......,.$ 29.95 

16K BAH Card $ 39.95 

i-i. a '.:,,■■■. >ii, , i: „.i $ 49.95 

12BK RAM Card $ 99.95 



APF-1 
JE860 
JE875 
JE868 

Jt Oa • winin«vi). 

Controllar Card S 59.95 

SMARTERM II so-coi. card. . . . $139.95 
Big Board-256K jssk rah card $199.95 
Big Eoard-51 2K si» rah c.n $249.95 
Big Board-1 M 1 m« rah card $299.95 

"When using CP/M, the JESSS will nnty lunction wllh version 
2.50 or earlier. PASCAL (JESSS, \ftrsion l .T or earlier. 



S 



Universal 64K/256K 
Printer Buffer 

lOltK.VTIiON FRfJTMASJ DHICNE 




■ Four possible combinations: |] Sena) 1o Serial, 2) Scrml to 
Pai-allet, 3\ Parallel to Parallel. 4) Parallel to Serial - Cut shMl 
feeding ■ Soltwaie selectable oulp-ul ■ Modem support 
- Selectable baud rales ■ Manual Included 

UB64K. $199.95 

UB256K. $239.95 

. IBM 
f Compatible! 
# DISK DRIVES 

Documentation 

Irtciudud 
FD55B TpwH'i DSVHeirjht $109.95 

JU-455 Panssonic5V4-rJS^-H4J9nt . . . $109.95 
TM1Q0-2 Tendon 5V«" D5Fu!l-He4ght . . . . S1 19.95 

DATA BOOKS 

30003 rlstional Line* Dale Book l<2) S 14.95 

30009 Intersil Data Booh ISGJ S 935 

3001 3 liteg Dm Book (85) S14.95 

30032 National Linear Supplement (84) S 6.95 

210aaD Intel Memory Handbook mi S17.9S 

230843 Intel Microsystem Hndbk. Set (BS) $24.95 

MUFFIN/SPRrTE-STYLE FANS 



MUF60 . S9.95 

Tcrin Industries :-i l^' sp.. GO can| 

SU2A1 S8.95 

EGJtG Rulron (3.125" square. 20 ciml 




$20 Minimum Order - U.S. Funds 
Shipping: Add 5% plus $1.50 Insu 



Send stamped, 

self-addressed envelope 

to receive a Quarterly 

Sales Flyer - FREE! 

3/87 



Only California Residents: Add 6%, 6Vz% or 7% Sales Tax Spec. Sheets — 50$ each 
ranee Prices Subject to Change 

Send $1.00 flosfage for a 

FREE 

1987JAMBCO 

CATALOG 

C19S6 Jameco Electronics 




1355 SHOREWAY ROAD, BELMONT, CA 94002 • PHONE ORDERS WELCOME 415-592-8097 Telex: 176043 



CIRCLE 114 ON FREE INFORMATION CARD 







Wi-KS ¥1 1 7 -800-344-453 9 



CORPORA T I O N 



AK.PuonoRicc - 2TI-U1-K74 ToEim - G2S27314 



FAX-21S-M1-3 



TWX - 3103509SSZ DIGI KEY CORP 



NATIONAL SEMICONDUCTOR* PANASON 
OK MACHINE ■ EWC, INC. • INTERSIL • A0 T -i*? 
EAC. INC, -J. W. MILLER • AAVID ENGINE! W f 
^^" E F. JOHNSON 'ATLANTIC SEMICONDUC 



Z56K (262,144 x 1) DRAM 1 50NS $5.70 II; $39.95(9 gSgJJK 

Factory firsts 



JSAR ■ YAUEO* J, W. MILLER • LOXQ 
3C CHEMICALS • AHIES ■ PLESSEY 



OiSC Capacitors 



TANTALUM CAPACITORS 
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TRI-MODE CABLE TV DESCR AMBLER PARTS 



We stock the exact parts, PC board and AC adaptor for Radio Electronics February 
1987 article on building your own TRI-MODE CABLE TV DESCRAMBLER. 



#301 PARTS PACKAGE $ 39. 

Includes all the original resistors, capacitors, diodes, potentiometers, 
transistors, integrated circuits, LED's, Toko coil (E520HN-30OOO23) 
and Plessey SAW filter (SY323), 
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#302 PC BOARD $ 12. 

Original 5 X 8.8 etched & drilled silk-screen PC board used in article. 



95 



#304 AC ADAPTOR $ 12. 

Original (14 to 18 volt DC @ 200ma} AC adaptor used in article. 



95 



SPECIALS 



Add $2.50 shipping & handling — $4.50 forCanadian orders. 
We also offer quantity discounts on 5 or more units. 



BOTH #301 and #302 

ALL THREE #301, #302, and #304 



$ 49 oo 
$ 5 g_oo 



FREE 



60-CHANNEL 



Reprint of Radio Electronics Article (February 1 987) on building your own 
TRI-MODE CABLE TV DESCRAMBLER. 



SC-G0R CONVERTER 



CABLE CONVERTER $ 69. 



95 



WITH INFRARED REMOTE CONTROL 




Add $3.50 Shipping and Handling 
$4.50 on Canadian Orders 



Thousands of these converters sold nationally for $1 1 9.95. 
We offer you this same type of converter for only $69.95. 
Ail converters are NEW. with Full manufacturers WARRANTY. 
FEATURES: 

■ Full 60 Channel Capability ■ Cordless Infrared remote control 

■ Ultra-Stable Synthesized tuning ■ Microprocessor controlled PLL 

■ Works on all TV models. Specify channel 3 or channel 2 output. 

■ Standard/HRC Switch for compatibility with all Cable Systems 

■ Will work with all types of external descramblers 



ORDER TOLL 
1-800-227-8529 

Inside MA: 617-695-8699 
VISA, MASTERCARD OR C.O.D. 



<£$$?> 



Jft 

€L€CTR0fllCS,lflC. 



P.O. BOX 800 • MANSFIELD, MA 02048 



5 
© 



Not available to Massachusetts residents due to state law. 
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SEMICONDUCTORS 



continued from page 90 



practically, however, there will always be 
a small amount of leakage current. 

Enhancement-mode transistors, which 
require a voltage on the gate before they 
begin to conduct, do not have a pinchoff 
voltage. It is, obviously, zero. The coun- 
terpart to V p is called the threshold gate 
voltage, or V GS(TH) , The threshold volt- 
age is defined as the voltage where I D just 
starts to flow; it is measured by increasing 
the gate voltage until a perceptible in- 
crease in drain current is noted. 

Whichever term is used (V P or 
V CS(TH) ), the value represents the mini- 
mum operating current of the transistor. 

Dual-gate MOSFET's 

There is one more member of the FET 
family that we must look at: the dual -gate 
MOSFET. It's basically no different than 
other FET's, except for the additon of an 
extra control gate. That extra gate is useful 
for mixers, modulators, AGC circuits, 
and other applications. 

All the test set-ups reviewed earlier are 
applicable to dual-gate MOSFETs — with 
one exception. Because there are two 
gates, the parameters of each gate must be 
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FIG. 10— CHARACTERISTICS OF THE DUAL-GATE MOSFET vary depending on how the gates are 
connected. The second gate can be connected to the drain (a), to the source (by, to nothing (c}, or to the 
other gale (d). 



measured separately. While one gate is 
being tested, the other gate can be config- 
ured in one of several ways. 

First, as shown in Fig. 10-a, the unused 
gate could be tied to the drain. 

Second, as shown in Fig. 10-6, the un- 
used gate could be tied to the source, as it 
would be to measure V DSS . 

Third, and least desirable, as shown in 



Fig. 10-c, the unused gate could be dis- 
connected from the rest of the circuit. 

Last, as shown in Fig. 10-d, the two 
gates could be tied together. Doing so 
effectively makes the dual-gate MOSFET 
act as a single-gate MOSFET. 

That does it for this session. In our next 
segment we'll look at several types of spe- 
cial-purpose diodes. R-E 
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Tuning the tuner 

The purpose of an antenna 
tuner is to convert the only-heav- 
en-knows impedance of a non- 
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FIG. 3 



standard antenna to about 50 or 72 
ohms. We'll use 50 ohms for the 
sake of discussion. 

Rather than keying the transmit- 
ter and trying to adjust the tuner 
before the RF power amplifier 
burns out, we can use the noise 
bridge shown in Fig. 3 and pre- 



adjust the tuner before the trans- 
mitter is turned on. 

To do so, first adjust the receiver 
to the desired operating frequen- 
cy, and then turn on the noise gen- 
erator. You'll hear a strong noise 
from the receiver, and the S-meter 
should indicate a moderate to 
strong signal. Next, tweak the an- 
tenna tuner's controls for mini- 
mum noise, as indicated by the S- 
meter reading. When the antenna 
tuner is adjusted precisely, its in- 
put appears to be 50 ohms, the 
same value as R1. The bridge will 
be in perfect balance, so the noise 
will "null out" and the S-meter 
reading will drop to its normal 
minuscule value, or to a very low 
value if the tuner cannot be ad- 
justed to a precise 50-ohm re- 
sistive impedance. When the 
transceiver is keyed now, it will see 
the required 50-ohm load. 

Naturally, you don't want to go 
through a connect-disconnect 
hassle every time you change fre- 
quency, so the Palomar unit con- 
tains internal on-off switching that 
controls the power from a 9-volt 
battery and also bypasses the 
Tuner-Tuner. R-E 
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Get First Class Bench Equipment! 4 
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4.5 Digit Portable/ V,f 60 '* # 

Bench Multimeter 

This versatile instrument is suitable for use in general electronic 
maintenance production and laboratory, || features 0.0596 OCV 
accuracy, integrated circuit electronics, solid-state LCD disptay h and 
rinsh- ijuEOn switch selection, Other, features include- DC voltage, AC 
voltage, DC c urrent, AC cu rren r, resistance, diode test* conti r u i ly te st, 
full auti>potarityoperatioa overraAge indic&iioPL dual slope lntwraiion. 
easy calibration ( 1 year stability), and 6000 continuous riours battery 
operation. Comes with probes. 

Sptrciflcarlons; DCV-10uVto 1000V in 5 ranges with ±(0 05% +2 
digits] accuracy, 10M ohm input impedance on all ranges except 
1 1M ohm on 2V • ACV -IQuV 10 750V in 5 ranges with accuracy 
from ±(0.556 + 1 0) 8>*[59S +3Q-|. 1 OM ohm in parallel with <1 OOpF, 
except 1 1 M ohmonZV • DC current 'I On A to 10A in 6 ranges with 
accuracy from ±(0.0596 +10) to±(296+lQ) • AC current -lOnA to 
lOAinB ranges with accuracy from ±(0.7536 +10) to ±{2% +10 • 
Resistance - 10m Ohm to 20 Ohm in 6 ranges with accuracy from 
±(0.0296 + 20| to ±[296 +2} • Size -8.4'W x 1 0.4 H x 3,9 D • 
Weight-67 oz, 



3.5 Digit MM 
with Temp Sensor 

A whole workshop in a handy portable 
muhimeter. Easy-io^read LCD displays 
volts, current, impedance, capacitance, 
conductance, and temperature. Includes 
transistor, diode, B continuity tests and 
Overload pf otection on all ranges. Comes 
with probes and battery. Includes leads 
plus temperature sensor. 
Specification*: DCV - S ranges from 
2Q0mV 10 1 000V • ACV -5 ranges 
from 20OmV to 750V • DC/ACamps- 
6 ranges from 200 lA to 1QA# Resistance 
'6 ranges from 200 ohm to 20M ohm 
4 Capacitance - 3 ranges from 2 OOOpF 
to 20u ■> Conductance *V display k 
1000 DM ohm • Temperature-OF to 
2000F. 




$9095 



Economy Digital 
Multimeter $0 1 95 

Features full overload pre- ■ I 
tection & diode c heck' Q- 1 4 40 

Comes with probes and battery. 

Spocifrcoiloot DCV -0,20.100,200V 
• ACV -0,200,500V (RMS r • DC 
current 0,2,20,200mA •flesistanee- 
Q.2K. 20K,200K, 2M ohms • 200 
hour battery (if*. 




R-E Reader's Special 

LCD Multimeter 
Capacitance Checker 

All the normal DMM ranges FLUS 5 cap 
checking ranges. 2 conductance ranges, 
& diode check. Kighaccuracy(<±0.2S$6 
on DCV) and high impedance (V0fvlohm]i 
Overload protection & automatic- polarity. 
Perfect for designer or hobbyist 

CLOSEOUT1 umm9SH*a 
save $501 

Offer good from 2/1/87 - 3/31/87 




S«jF *8S-95 

S 39 M 




Soldering/ Desoidering Station 

Professional rack-mounung station with excellent desoidering facilities, 
backed by our exclusive 12 month warranty. Check it outr 
Sok3o ring foot uros: Adjustable temperature-controlled iron (light 
weight for fatigue-free work); grounded, tip: LED bar graph of tip 
temperature: LED "heating" indicator lockable control knob; fast 
preheat & tight temperature control, 

De- soldering: Rapid, "do mage- free" desoidering of any size joint: 
adjustable desoidering temperature with LEO bafgraph readout: 
grounded tip; LED "heating" indicator, fingertip control vacuum 
gauge; filtered voccum line; easy to clean. 

Iron-clad, Nickel-plated Accessory Tips 

Desoidering Tips $4.95 each 

1/16" (T-220T), 3/32" <T-2202|, 1/8" {T-22031 

Soldering Tip) $2.50 each 

Fine Wedge 1/32" (T-2 204). Medium conical 1/32" [T-22051. Fine 
Conical 1/64" (T-2 206). Medium Wedoe 1/16" (T-2207), Wedge 
1/8" IT-2208). Long Nose Wedge 3/64" IT-2209). Short Wedge 
3/64' (T-221 0|. 

NQTEj Dims tips til both T-22QO end T-2000 soltiermp stetioni! 



OSCILLOSCOPE 

Portability & performance make this 'scope ideal lor field service 
maintenance of telecom rnunieaipon, compuiEer. manne, airbch'ne.industfisl 
o> other equipment It offers2m V/DIV sensitivity, automatic selection ol 
chopped or alternate mode, automatic selection of TV line or frame 
display, and choice of DC. battery, or AC Una operation (2 hrs. 
continous nr-cad battery operation^ Comes with two probes and 
schematic- 

SpeCillCOHont VE RT1CAL DEFLECTION DC: to . 5 MHz{-3dBJ /AC: 
10H* to 15MHe ('3dBi; 24 nsec rise lime; <2% overshot; input 
impedance 1 M ohm shunted by 20pF±3pF • TIME BASE- auto & 
triggered; 0.5 usee to 0-5 sec sweep • TRIGGERING Int ; 1 DtVor 
morVEtf. IV p-p; 20Hz to -5MHz • HORlZ. DEFLECT- OC to 1 
M 1 1 1 : in put i mpedanc e 1 M ohm s h unted by 20 pF * 2 pF • Approx. 

io lbs, 4.5 h x an W x 1 wo 






Economy 50 MHz Dual Trace s 899 
Solder cm 243 



Station 

T-2000 

For hobbyist or technician: temperature- controlled Station with fully 
adjustable heat up to 9QQ"F jtemp readout in both *C and *F)! UL 
iisted, grounded tip, heat-sensing for instant compensation. Ideal for 
anything from fine track PCB's to production work! 

Resistance Substitution Wheel 

Values from 5 ohm a to 1 Mohm in «■ 
36 steps using mostcommon divi* % M 95 
sions. &k" dia- easy to read. Includes f 

leads and insulated alligator clor. 
Maximum power. 2 5 W. 




35 MHz Dual Trace 



CRT Probe Set 



Versatile probe suits virtually any 'scope It features built in xl/jtIO 
switch, 4' of SHIELDED cable with BNC connector, and wandering 
earth lead with alligator clip, insulating shroud, 
Spoclffccrhorc Wor king voltage- 600V Pk (or 600VDQ# Bandwidth - 
xl: DC-lOMHa/ilO; DC- 100 MHf« input resi starve -xtrtMohm/x10: 
lOMohm • Input capacitance -xl; 40pF +CR0 input e/xlG: 10- 
60pF • REF position -probe grounded via 9M resistor 



14-Day Satisfaction Guarantee 

12 MONTH PRODUCT WARRANTY 



MAIL ORDERS 

DSE, P.O. BOX 802 i, Redwood City, CA 94063 

We ship UPS Ground unless otherwise requested- Add 5% of order total (min 
SI .50} for shipping. Outside USA and 20% (min S-V There is an additional 
Si 50 handling fee. California residents please odd sales tax. VISA and 

MASTERCARD welcome. 



Staras mBERKELEY,CA{4i5) 486 0755; RFQWOOQClTY, CA(415} 
363-8844; $ANJ0$E. CA (408j 24J-22SS 



A premium scope for computer & general purpose work. It has a high 
grade CRT for a full 10cm x8 internal graticule, and comes complete 
with 2 probes and schematic, 

SpocilrCOllons: VERTICAL FREQUENCY & DEFLECTION- DC: DC to 
50 MHz{-3oWAC: 1 0HztoSDMHzl-3dR): SmV tol mv/divon 10 
rengesin 1-2-5 step* RI5ETIME- 7.7 nsec • overshoot • MODES 
-CH-A CH-B. DUAL, ADD, x-v • INPUT IMPEDANCE: lm/20pF± 
3pF ■ MAX INPUT -600 V p-p or 300V (OC +AC rseaki # CHOP 
FHEQU£NCY'200KHz • CHANNEL SEP-:t70dB of 1 KHz # TIME 
BASE -Auto or triggered |in Auto mode, trace is on without input 
signal} • SWEEP TIME 02 to 0,5 sec/div on 20 ranges in 1-2-5 
step; x5 mag. • TRIGGERING- sensitivity: Int. 1 div. ormore/ Exl IV 
p- p or more; Source: I nt CH 1 . CH 2/ Ext Pos- Neg, pul I for Auot range 
« CALIBRATION -05Vr>p±5ft ft Pov*:r 1 20V±lO%; 50/60Hz 
• 21.6 lbs. • 5.7 ,r H x 1 VW 16.6"D. 

•599 

Q-1241 

With high brightness CRT- includes 2 probes & schematic 
Sp« I Ilea Ho™ NORMAL AUTO. & SINGLE sweep modes with 5» 
meg (±1 096] • TIME BASE -0.1 us • 0.5s/div (±396): 2 1 ranges • 
3% LINEARITY Delayed trigger: INTEND: Delay, time becoms 
dirrv^ DELAY" D; sweep starts at lime delayed. Delayed time: 1 msec 
lol usee* TRIGGERING -Sensitivity, Pnt < 1 Div/Ext<100mVp-p 
fpr 10MHz, <0.2Vp-pfor35 MHr; Source: INTfCH-A. CH-B.ALTI. 
LINE.EXT, 1/10 EXT TV LINE. FRAME). 

399 

Includes 2 probes Er schematic 

Specifications VERTICAL FREQUENCY & DEFLECTION ■ AC 10 
Hz/ DC to 202 MHz; 5 mV to 20 V/ div on 1 2 ranges in 1-2-5 slepi- 
3dB) 2B MH? |-6dBl • 1 7.5 usee RISETIME • 3% OVERSHOOT • 
MODES CHI, CH2. DUAL ADD X-Y • INPUT IMPEDANCE ■ 
1 M/20pF±3pF. MAX INPUT- 800V p-p or 300VDC + pesk AC • 
CHOP FREQUENCY- 200kHz • CHANNEL SEP -IfiOdB Of 1 kHz* 
TIME BASE -Auto or triggered* SWEEP TIME- 0.2 toO.S sec/div 
• TRIGGERING ■ Sensitivity: Int < 1 div/EKt. <1V p-p 

FREE BOOK with arty oscilloscope! 

Knowing Your Oscilloscope 1 92pp. (B-2003) *1 1.OS vmtua! 

Great introduction to I he use of oscilloscopes, olrtr expires 3/31/B7 
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Order Toll Free 

1-800-332-5373 



Prepaid ft Ctedii Card Orders Only 

Mon-Ffl I0a.m.-6p.m. Pacific Time 

In California call 4is-368-i06o 



DicK@$Mrm 

ELECTRONICS 



EVERYTHING FOR THE ELECTRONICS ENTHUSIAST 
To receive your copy of our colorful 148 page catalog, circle Reader Service 



Radio /hack Part/ Place 

OVER 1000 ITEMS IN STOCK! THE BUILDER'S STORE! 




Disc Capacitors 

Low As 

39 e 

Pkg. of 2 



* 



r 



pF 


WVOC 


Cat. No. 


2-Pack 


4.7 
47 


50 
50 


272-120 
272-121 


.30 
.39 


100 
220 
470 


50 
50 
50 


272-123 
272-124 
272-125 


.39 
39 
.39 



UF 


WVDC 


Cat. No. 


2-Pack 


.001 
.0047 


500 

500 


272-126 
272-130 


.49 

.49 


.01 
.047 

.1 


500 
50 
50 


272-131 
272-134 
272-135 


49 
.49 
.49 



Tantalum Capacitors 



Low J 

49 

Eac 


\s ■ 




lacing 
s ranee 


It 

1 ■ 


IC Pin S; 
20»-i Toll 


M-F 


WVDC 


Cat No 


Each 


0.1 


35 


272-1432 


49 


0.47 


35 


272-1433 


.49 


1.0 


35 


272-1434 


.49 


2.2 


35 


272-1435 


.59 


10 


16 


272-1436 


.69 


22 


16 


272-1437 


.89 



Electrolytic capacitors 

Low As 

49 s 

Axial Types Each Radial Types 



vr 


WVDC 


Cat. No. 


Each 


4.7 


35 


272-1012 


.49 


10 


35 


272-1013 


.59 


22 


35 


272-1014 


69 


47 


35 


272-1015 


69 


100 


35 


272-1016 


.79 


220 


35 


272-1017 


.89 


470 


35 


272-1018 


.99 


1000 


35 


573-1019 


1.59 


2200 


35 


272-1020 


2.49 


4700 


35 


272-1022 


3.59 


1000 


50 


272-1047 


1.99 


2200 


50 


272-1048 


3.49 



MF 


WVDC 


Cat. No. 


Each 


220 


16 


272-956 


.79 


470 


16 


272-957 


.89 


1000 


(6 


272-956 


.99 


4.7 


35 


272-1024 


.49 


10 


35 


272-1025 


,59 


22 


35 


272-1026 


.69 


47 


35 


272-1027 


.69 


100 


35 


272-1 02B 


.79 


220 


35 


272-1029 


.89 


470 


35 


272-1030 


.99 


1000 


35 


272-1032 


1.59 


100 


50 


272-1044 


.89 



PC-Board pots 

■ V* Watt 59* 

Each 



260 Rotation 



« 



Resistor Kits 



V* watt, 5% Resistors 



Popular "standup" potentiometers 
for set-and-forgel resistance jobs. 



Ohms 


Cat. No. 


500 


271-226 


1k 


271-227 


5k 


271-217 


10k 


271-218 


50k 


271-219 


100k 


271-220 


1 meg 


271-229 



VY-Witt 5% Carbon Film. Sel ol 100 with 
13 popular values. 10 ohms to one rneg. 

#271-311 Set of 100/1.9B 

W-Watt I'.o Precision Metal Film. 50- 
piece set wilh 12 popular values, 10 ohms 
to one meg. #271-309 . . Set ot 50/2.49 
Vi-Walt S W Carbon. 100-piece set with 13 
popular values, 10 ohms to one meg. 

#271-308 Set o( 100/2.79 

M-Watt 544 Carbon Film. Jumbo 500- 
piece set wilh 54 popular values, 10 ohms 
to 10 megs. #271-312 , . Set ol 500/7.95 
1 i-Wett 10M Carbon. 100-pieca sel with 
21 popular values, 100 ohms to one me- 
gohm. #271-308 Set of 100/2.79 




Ohms 


Cat. No. 


10 
100 


271-1301 
271-1311 


150 
220 
270 


271-1312 
271-1313 
271-1314 



Ohms 


Cat. No. 


330 
470 


271-1315 
271-1317 


1K 

2 2k 

3 3k 


271-1321 
271-1325 
271-1328 



Ohms 



4.7k 
10* 



15k 
22k 
33k 



Cal. No. 



271-1330 

271-1335 



271-1337 
271-1339 
271-1341 



Ohms 


Cal. No. 


47k 


271-1342 


100k 


271-1347 


220k 


271-1350 


470k 


271-1354 


i meg 


271-1356 


10 meg 


271-1365 




SPOT 12-VOlt 

Mini Relay 

SPECIAL PURCHASE . 

7 

Fits .100" -spaced boards. 12 VDC, 200- 
ohm coil. Contacts: 5 amps at 125 VAC. 
ft x%* x is/u" #275-227 1.99 

Mini Toggle \ 
Switches h 

Hated 6 amps at 125 

VAC. Vt" mtg. hole. *TT 

SPDT. #275-662 2.59 

DPDT. #275-663 2.89 

DPDT Center-Off. #275-864 2.99 

3POT. #275«1 3,49 

Op Amps and More 

w—^, Include 

JBf/n 1 Pin-Out 
| Wi \ \\\ x And Specs 

741 Op Amp. Industry-standard work- 
horse. 8-pin DIP. #276-007 79C 

1458 Dual Op Amp. 8-pin DIP. 

#275-038 99e 

LM324 Quad Op Amp. 

14-pin DIP. #276-1711 1.29 

TL0B2 Dual SIFET Op Amp. Low-noise, 

high-Z inpul. 8-pin. #276-1715 1.89 

LM339 Quad Comparator. 4 comparators 

in 14-pin DIP. #276-1712 99C 

LM567 Tone Detector. For Touch-Tone, 
remote conlrol and FSK decoding. 8-pin 
DIP #276-1721 1.99 



Project Finishers 

(D ; (2) 




(1) 0-15 VDC Panel Voltmeter. Ideal for 
monitoring car eleclrical system or a 
power supply. #270-1754 7.95 

(2) AC Circuit Breaker. Bated 2 amps, 
120 VAC. #270-1310 1,69 

(3) Panel-Mount Fuse Holder. For 
iv. x'A" fuses. #270-365 99e 

(4) Thermal Fuses. Used as protector in 
many coffee-makers and appliances. 

139°C. #270-1320- 79* 

226"C. #270-1321 79e 



Lighting values 

(5) (6) 

&jf 

(5) Floating Lantern. Projects V* mile 
beam! Greal value tor fishermen, boaters, 
home owners. Requires 6-voH lantern bat- 
tery. #61-2520 3.M 

(6) Hands- Free Headlight. Perfect for 
Car repairs, nigh? fishing, electronic work 
Comfortable, adjustable elastic head- 
band. Requires 2 "AA" batteries. 
#61-2510 3,*9 




Special Purchases 

mm 



fj) Keyboard, Originally for "C-64" com- 
pute r. 65 sculpted keys in QWERTY tormat- 
Use for replacement, spare, upgrading 
membrane or "chiclet" keyboards- 11" 
lead, 18-position connector. With sche- 
matic. #277-1027 4.95 

(8) Videogame Controller. Get a spare! 
Hand-held control for Coleoovtston*. Atari* 
games and Adam* computer. Has 10-key 
membrane pad, Joystick, and two side- 
mounted pushbuttons. Coiled cord has 9- 
pin J, D" connector Hurryl 
#270-1710 1,99 



Memory & Timer iCs 



d0fi 



infrared LEDs 



Multitester sale! 



Include 

Pin-Out 

And Specs 



Include 

Pin-Out 

And Data 



4164 64 K Dynamic 
#276-2506 


RAM. 


. . 3.S5 


256K Dynamic RAM. #276-1252 . . 6.95 

64K UV EPROM. #276-1251 B.9S 

TLC555 Timer. High-performance CMOS 
timer #278-1713 1.39 


TLC556 Dual Timer. #276-1704 . , . 1.S9 
Bipolar Timers. 


Type 


Cal. No. 


Each 


555 (Single) 
556 (Dual) 


276-1723 

276-1728 


1.19 
1.49 




Many uses in light wave communi- 
cations, electrical isolation, robotics 
and model railroading layouts. 
TIL906-1. High-output infrared [IR) 

LEO. #276-143 1.49 

TIL414. IR photo transistor. High- 
speed NPN. 50 mW. 

#276-145 89* 

IR Pair. Includes LED emitter, photo 

transistor detector. 

#276-142 Pair 1.99 




Our Best 
Analog VOM! 

A feature-packed, professional- 
grade instrument at 40% savings. If 
you hurry! 21 switch-selected ranges, 
30,000 ohms-per-voit sensitivity, big 
5" scale, timesaving "beep" continu- 
ity function. With leads and manual. 
Batteries extra. #22-210 



< 



Over 1000 items in stock: Binding posts, Books, Breadboards, Buzzers, Capacitors, 
Chokes, Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, 
Multitesters, PC Boards, Plugs, Rectifiers, Relays, Resistors, Switches, Tools, 
Transformers, Transistors, Wire, Zeners, morel 



Radio /haek 

A DIVISION OF TANDY CORPORATION 

Prices apply at participating Radio Stack stores and dealers 
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EDGE 
CONNECTORS 

ALL ARE 1.56 SPACING. 



mrtHtTTnTmtHrJifrm 
22 EDGE CONNECTOR SI 55 u 
solder lug style 10 for 111 .00 
22/44 EDGE CONNECTOR 

$2.on»e :; ' si vis io for shoo 

til** EDGE CONNECTOR 
soldering style (2,50 each 

28/56 EDGE CONNECTOR 
«.i»nfC style 

36/72 E DG E CONNECTOR 

PC stylo ta.OOaach 

43HB EDGE CONNECTOR 

RC.slvle $4.50eech 

TRANSISTORS 



mm 

2N2222A 
PN2222A 
2N2S04 
2N2S0S 

MJ2955 
2.N3055 
PMDIOMO 
TIP 121 

TIP 125 



4 tor 51 .00 

3 Tor SI .00 

4 tor $1.00 
3 for J1.0D 
3 lor SI. 00 

$1.50 

$1.00 

SI 00 

75t 

754 



TRANSFORMERS 



1 20 vor 
primaries 



5» rtllt C 750 DM. J3.M 

6J voll fi 400 IM, S I . 7 5 

12 V.'.: - St 200 m». $2-00 

12 V-C-T, ft 4EH) mi, JJ.OO 

12 v.cx « 1 amp S4.00 

12 V.C.T. 4i 2 imp S*.B5 

12 V.C.T. Jr * imp 17.W 

II will fi 650 in*. $2 . 00 

24 V.C.T. ?j 200 m«. JZ-50 

24 V.C.T. Or t «mp iUB 

24 V.C.T. ,v 2 Ifflp 56.^5 

24 V.CT. it 3 »mp S9.5Q 

24 V.C.T. #i 4*rrtp Sll.M 

WALL 
TRANSFORMERS 

ail plug. directly 
into 1 20 vac 

outlet J [S^rR 





^ 



" ■ "#V)^%illVW I SOLID STATE 

CCTHaS "kioturn auzzER 

»W^ U MULTI-TURNPQT f @& f^'' MB ^ 

|^^ ~^^ *5fSr TS SPECTROL 1 <*fSp TTL compatible 

lm . "" -,■..««»- ra« * 'MOD534-7161 ^ »1.00«?h 

SPECIAL PURCHASE t*^ ts.ro each V »*"«■« 



4 VDC® 70 ma. 52.00 

6VACS500mB. J3.S0 

6 VDC® 750 me. 51.S0 

CiyDC.-i .OOm.1 t5.00 

12.5VAC@J85ma. 53.00 

18 VAC Vi 19 VA And 

8.4 VAC vi 1.38 VA 53.50 

24 VAC e 250 ma, s3 or j 

MULT! .VOLTAGE @ 500 me 
3.4Vi,«,7li.0on2VDC 5750 

MINI-BOX 

Pomona ►*2104. 

\ } >1 00 EACH 

^^V Heavy-duly black 
Chenoi«c jw^oct box wiir. cow and 

screws, zm'x ii*'xm: 



FUSES 



3AG (AGO SIZE 

I. IVj,2.2Vi,3. 4.5.6AMP 

GMA SIZE (3=3 

1.2. 3. 4. SAMP UC^W 
5 of any ONE amperage ? 5c 



COMMODORE PRINTER/PLOTTER 

Commodore Model * 1520 

Four color X-Y ptollet standard VIC 

senel interlace allows easy conneciron 

lo Commodore 64 computers Up to 00 

characters per line tuuper arrtl lower case] 

n lour sties 

CAT I COW- 15 20 S4S.95 each 
EXTRA pen sets 51.50 per set. 




SPECIALS 

1 AMP 50 VOLT DIODES 

IN400] TAPE ANDHFEI 
10C for $4. 50 
1000 tot $30.00 

SOLDER TAIL I.C. 
SOCKETS 

24 PIN 10 for $2. 50 

100 for $22.00 

1000 for $200.00 



« SPECIAL PRICE* 
TRANSISTOR 

piaslic transistor 
PN3569TQ-92N P.N. 

100 for $8.00 
1000 for $60.00 
LARGE QUANTITIES 

AVAILABLE 



MICRO-CASSETTE MECHANISM 

Micro -cassette lape transport Fo> 
slandard MC60 or MC*5 
micro-casselles. 3 Vdc operation. 
Contains: drive motor, belt, head, 
capslan, pinch wheel and other 
componenis. 317X2 1/4" X 5/0" 
CAT# MCMEC 5300 each 10 tor 527 50 




48 KEY ASSEMBLY 
FOR COMPUTER OR 
HOBBYIST 




NEW T.I. KEYBOARDS. Original^ 
used on comouters. these key- 
boards contain 4B S.P.S.T.fnecn- 
anical switches. Terminates 10 
5 pin connector. Frame 4" x 9" 
S3, so each 

SPECIAL 
CAT#KP-4B 10 lor $30.00 



COMPUTER Ea| 

GRADE 
CAPACITORS I I 

2.000 mtd. 200 Vdck-J 
i3.«ris-Kah 5200 

0.400 mid- 60 Vdc 
1 3V 1 3 3/4" high 12.50 
9.700 mid. 50 Vdc 
1 3.3"«4 UJ-rlrnh S3.00 
31.000 mid. IS Vdc 
1 3.4" 1 4" nigh $2.50 

50.000 mid. 40 Vdc 
3 u K5J'4"h*art $4.50 

50,000 mtd. 40 Vdc 
3" 1 5" Kgti KJ 50 

oE 000 mid. 15 Vdc 
3"* 3 Ngh $3.00 

66,000 mtd. 30 Vdc 

s-iswnign $350 

5,500 mid. 30 Vdc 

1 M-l31l2-riigri $1,00 

6,900 mid. 30 Vdc 

1 3fB"x2 1/4" high $1.00 

&,300 mtd, 50 Vdc 

2-K4inrnfcn *i.oo 

18,000 mid. 10 Vdc 

1 3/6" * 2 Sr6~ high $1.00 
48,000 mid. 10 Vdc 

2 1/2""* 3 1'4" high $1.00 
100,000 mid. 10 Vdc 

2 1/2"* 6" high $1.00 

165,000 mid. 6 Vdc 
2 l/i," « 4 172" high $1.00 



Tl SWITCHING POWER SUPPLY^ 

Compact, well-regulated swiicrwng power supply 
designed to po-wer Texas ln^3Kument3 computer | 
edmpment. . *ZPFrthi &K 

I MPUT; 14 - 25 vac @ 1 amp* * r CL tM L ^&' 
OUTPUT: - 12 vdc @ 350 ma PRICE* 
- 5vdc@l.2amp ** -ft 

-5vdc@200mB. ,o:>u 

SIZE: 4>i JtlHt-XlTi high aach 




RELAYS 

10 AMP SOLID STATE 

TONTROL : 3-32vdc r fi- l * i > 
LOAD: 140 yac lOimpV Vj-yvJ 
SIZE: 2tt' I «■ X V ' . rJjL" 

$9.50 EACH 10 FOR $90.00 

ULTRA-MINIATURE 

5 VDC RELAY 

Fujitsu # ■ 

FBF*2iiNED005N!?i> Sft 
High ssflsitivity 

COIL: 120 Ohms ^r-^TT 

CONTACTS: 1 amp 
Mounts m l4pinD)PsocKel 
$1.2$ each 10 lor 110.00 

MINIATURE 

6 VDC RELAY 

Aiomal #RSD-6V 

SupiTSr-;.' 

S.RD.T. relay 

GOld cofcait 

cpriiacts ralad 
iamp@^0vdc NgNwwndtJve, 
TTL direct dnv& possible, 120 ohn- 

cod. 

Op&rate Irom 4 3-6 vdc, 

COIL 120obms S1 r 50«ch 

^** *%»**/« iDim.tra.50 

13 VDC RELAY 

CONTACTS: S.P.N. C 
I0&mp@120v3c 
Energneeoilto 
opftn contact .. 
COK-: t3vdc650ohms 

SPECIAL PRICE 51.00 «Ch 

4PDT RELAY 

1 4 pin KH style... 
3 arnp contacts 
USEDbm fully 
lasted *l.70«ch 
Spcc-.fy coil voltage CUM rerJ 
f : •■*•;:•■ 24 vdc or 120 vsc 
LARGE QUANTmES AVAILABLE 

SOCKETS FOR KH RELAY 

ir-.Z iJ-iLTh 



13.8 VDC REGULATED POWER SUPPLY 

fttfffflflliffh These are solid stats, dully regulated 13.9 vjJc 
/fS///ff//////M\ P Dw&r supplies Bath leature 100*- solid slate 
Rl cansiruclrpn, luseproleclioni.andL E D power 
indicator U L. listed. 

$20,00 each 



l|5>^ a] 



2 imp conttant, 4 amp surge 

3 amp conttent. 5 amp surge 



327.5D*ach 



8 OHMS 15 WATTS 

EXTRA SPECIAL 
VALUE 

C,r,», MODEl. llSflJl 

f • m\iam*Liir 

■ tirum coil 

J.B HI rilllTI NAilll 

■'fr;rj,i miroPH ««i.: 

Ill - LD.aOQ II. 

iiltail IriTIK >■•■ J*::. HAI 

.iAULlfcALi 




tc^u 



m 



S.P.S.T. 

TOGGLE SWITCH 

BALING t«n BHj 
Spst leggit 



JL— JB).U- " t ,5T<: - ! 
Jl -r io ;r :z 



RECHARGEABLE 
NI-CAD BATTERIES 



AAA SIZE I 25V 500mAH$l,8S 
AA SIZE 1 25V lOUmAH $1,S5 
AA w.l h solder iao $2.00 

C SIZE I 2V 1200mAH $3.50 
SUS-C SIZE soldi' (,,;, $350 
D SIZE 1.2V l200rnAK $3.50 



UNIVERSAL CHARGER 



^^gl 



Will charge 4-AA, C. D, or AAA. 
m-cadsor one 9 vol 1 m-cadai. 
one itme . 
$11.00' per charger 



POLARITY SWITCH 

CAT » RDPS 

Designed to Control an 
external coaxial relay on 
a saiellite TV system. IDEAL FOR 

THE EXPERIMENTOR AS PARTS. Heavy 

chassis box containing a 5 Vdc relay. 

CA 358 op amp and oilier parts. 



11-75 each 

10 for Sir; :Xi 



PHOTO-FLASH 
CAPACITORS |?- 

1 70 mt 330v Njf^ f* 

75t "- \lm 

CATl PPC-170 i.T^l 



400 ml 330v 



& 



C*T* PPC-40O 1.00 «a. 

BOO ml 330v 
CATl PPC-BO0 135 CO. 



3W SPEAKER 

6 ohm 
impedance, 
full range 
| speaker 
9 at maonet 
4 diagonal 
f mouniing ceniers. 

J2.50 **cti 10 lor S2O.00 

SPRING LEVER 
TERMINALS 




m 



Two color 
coded 

terminals on a 
sturdy 24' K 
3 V Oak elite 
plate. 

Great lor speaker enclosures or 
power supplies. 
75t EACH 10 to $6 00 



WALL 
TRANSFORMER 

11.5 Vdc^^^r^ 
1.95 
Amp. 

INPUT: 120 Vac* 
SIZE: 3 3/4" X 
2 718" X 2 5/8 ■ 

CAT t DCTX-11519 

S6.50 each 




TELEPHONE 

COUPLING 

TRANSFORMER 

Triad t TV-30* P (*^ 

600 ohiTttc L \\:;l- 

1o 6d(J ohmi c.l. mJJ '• 

PC tourtt rtiflun] ^^ 

21* ' x 5T8'" K 3/4- ' 
CAT ■ T'CTX S ] . 2 5 



XENON FLASH TUBE 



3/4" long X InS-dia. Flash 
lube designed for use in 
compact camera (lash unils. 
Ideal (or experimentors. 
CAW FLT-1 2 lor S1.00 



MINIATURE TOGGLE SWITCHES 

ALL ARE RATED 5 AMPS Q 125 VAC 




STANDARD JUMBO 
DIFFUSED T 1-3/4 

HED 10 tor $1.50 it 

100 tor $13,00 

GREEN 10 tor $2,00 

100 fDr $17.00 

VELLOW 10 tor $2.00 
. 100 for $1700 

FLASHER LED 

5 volt cperalron 
tedjomrjoT 1^. 
sue stoooacti 
NEW GREEN FLASHER 

CAT SL£:0-4G $100 

Bl-POLAR """^Vji.jo* 
LED HOLDERS 

Two piece holder ^— - 1 Jf r£ 

lor lumbo LEO 

lOfmes* loororss.oo 

CLEAR CLIPLITE 
LED HOLDER 

Make LED a J a ■..- y ^t?<"^» 
ihdicator Clear i.-a.- wl 

4(or$1.00 *Ct--iW 



t 




O.RS.T. LIGHTED 
ROCKER SWITCH 

115 vac lighted rocrter, 
snap mounts in 
9) xiv, npie tj 

Orange lens l-Samp U 
contact .rlkT 

1150 U^ 

MINI-PUSH BUTTON 

S PS T momentary 
normally open 

"* bushing 35c each 

Red button iOforJS.00 

/Tr^SNAP ACTION 
^> SWITCH 

Cherry eleel #E-21 WO or N C 
lAcomacls Sunableior alarms 
and Other tow energy circuits 
1 V lever 

45t EACH 10 FOR 54. 2Q 



mi aecTRomcs <orp. 



LOS ANGELES, CA STOHE 
90S S- Vermont Ave. 
211 3B0-S000 
VAN NUYS. CA STORE 
6228 SepulverJa Blvd. 
816 997-180S 



MAIL ORDERS TO; 

PO. BOX 20406 

Los Angeles, CA 90006 

TWX - 5101010163 ALL ELECTRONIC 
EASY LINK MBX - 62867746 



TOLL FREE ORDERS ONLY QUANTITIES LIMITED 

1 800-826-5432 MINIMUM ORDER $10.00 

{ORDER ONLY) USA: $3.00 SHIPPING 
UN CALIFORNIA: 1-600-258-6666) FOREIGN ORDERS: 
ALASKA. HAWAII, INCLUDING SUFFICIENT 

OR INFORMATION SHIPPING 

(213)380-8000 NOC-O-D.I C A L I F H E S A D D 6 ' .■ : ' „ 



220 Vac 
COOLING FAN 

ROIRON 4 
MX77A3 
Mullln XL 
220 Vac 

4 1 ■&" sqtrare 
moul li,lin.r Ian 

CAT* CF-ZZ0 S6.5Q da 
10 tor $60 00 1 n tor S500 00 
QUANTITIES AVAILABLE 
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Saratoga Electronics 

12380 SARATOGA-SUNNYVALE RO. SARATOGA, CA 95O70 




^% 



INTEGRATED CIRCUITS 



4164-150NS 

2716-450NS 
2764-450NS 

74L50Q SERIES 

74LSO0 

74LS02 

74LS04 

74LS09 

74LS14 

74L5107 

74LS153 

74LS155 

74LS155 

74LS156 

74LS1E8 

74LS163 

74LS241 



DRAMS 

S .39 41256-1HNS 

EPROMS 

$2.95 2764-250NS 
3.00 27256-30CNS 

TTL LOGIC 

74S SERIES 
74S0B 

74S51 

74S64 

74S138 

74F SERIES 

74F1S1 

74FI58 

7400 SERIES 

7408 

7411 

7453 

74199 



i 12 
.12 
.12 
.12 
.25 
.25 
.29 
.39 
.39 
.39 
.25 
.30 
.49 



$2.45 



3,75 
5.75 



; .35 

.20 
.30 
.50 

.95 
.95 

.20 
.25 
,20 
.15 



MISC. 

MSM5832 (clock chip) 

WD2413M-03 <FDC) 

FD1797A-02 (FOCI 

LF347 IBi-Fet) 

MC10231 I10K ECL Dual Flip-Flop) 

MCI 489 



MICROS 



8087-3 (SmHzl 
30297 lEmHzj 
B749-H 
Z80A DMA 
Z30FJ CPU 



SI .49 

2.49 

2.49 

1.29 

.49 

.39 

SI 25.00 

1G5.0O 

7.95 

3.00 

4.00 



ELECTROLYTIC 

CAPACITORS 

5 for 990 

10,000 mf @ 35v 
2" (fit) x 1" (diameter) 



PCB's 
$3.95 ea. 

Surplus boards loaded with 
MANY components! 

PC/XT COMPATIBLE 

SYSTEM BOARD 

$115.00 

640KB w/o Bios & Ram 



408/446-4949 

TOLL FREE 
800/621-0854 ext. 245 



PRICES SUBJECT TO CHANGE 
S25 MIN. ORDER _ 



MaslciCnrd. 



ADVERTISING INDEX 



RADIO-ELECTRONICS does not assume any responsibility for errors that may appear 
in the index below. 
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INCOMING IN IW 







An electronics revolution is in the making, but you don't have 
to wait until 2001 to find out how it will change your life in 
the 21st century. Radio- Electronics will forecast the coming 
changes and how they will affect you in the May 1987 issue! 

Created by a special editorial task force — two years in prepa- 
ration—this unique issue, 200], takes you into the research 
laboratories of Westinghouse, Texas Instruments, Ford and 
Bell Labs where the future is being invented today! 

You'll get an advance look at what's coming in artificial 
intelligence. . . new cars and highways (cleaner, quieter and 
more efficient)., .futuristic energy sources like magneto-hydro- 
dynamtc and particle-beam generators. . . personal commu- 
nications systems that will give you instant access to anyone 
anywhere. . .super computers and teaching breakthroughs 
that will multiply your capacity to learn! 

Arthur Clarke introduces 200 1. Isaac Asimov explores the 
marvels of robotics. But it is not science fiction. Rather it is 



emerging technology with a solid foundation in current re- 
search and development. 

And its impact will be enormous. It will change the way you 
work. . . the way you think. .. the way you live! 

2001 is the kind of special publishing event that can only 
happen once in any magazine's lifetime and it will happen 
to Radio-Electronics in May, 1987. 

With extra features and extra pages, 2001 will bear a pre- 
mium cover cost, but you can reserve your copy now at less 
than the regular cover cost by mailing any one ot the sub- 
scription orders in this issue. 

2001 is coming in May. Make sure now that you don't miss it! 
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SPECIFICATIONS 




[ ijjlJUU JPiiTfrUMlNlfi DMM-10D 







Una 




.•<■«.; I 


ueflwA 


3M0mV 


2000M 


as 


cs 


033 ] 







DMM-300 $79.95 

3.5 DIGIT DMM / MULTf TESTER 

Our best model A highly accurate, full func- 
tion DMM landed with many oki.fi* features 
itfriufty. capacitance Ranunor. 
nperaturetmd conductance all in one hnnd- 
jldmetcM Tampormurn probe, ten feeds and 
ittory included 

• Basic DC accuracy: plus o* minus 0.25% 

• DC voltagw. 200mv — TOOOv, S ranges 

• AC voflege: 20Qmv - 750v> S ranges 

• Resjsuince: 200 ohms — 2QM ohms, 
6 rang ft* 

• AC 'OC current 200uA — 10A, 6 ranges 
» Cepaciiancn 2000pf — 20uL 3 ranges 

* Transistor tester hFE test, N-PN. PUP 

* Temperature letter- 0° — 2000* F 

* Conductance: 200ns 

* Fully overload protected 

* Input impedance: 10M ohm 



DMM-200 $49.95 

3,5 DIGIT FULL FUNCTION DMM 

High accuracy. 20 amp cunent capability and 
many range settings make ihis model idea I for 
serious bench or field work Till stand for 
hands- free operation- 2000 hour battery life 
with standard 9v coll, Probes and battery 
included. 

* Basic DC accuracy, plus or minus 0.25% 

- DC voftaga: 200mv — 1 OOOv. 6 ranges 

- AC vollage ZOOrrw - 750v, 5 ranges 

* ttesisunce: 200 ohms - 20M ohms. 
6 ranges 

* AC/DC current 200uA — 20A, 6 ranges 
■ Fully over-load protected 

* Input impedance 10M ohm 

* 1 SO x 86 * 37mm. weighs 320 grams 



:(J!J[Jfl INSTHUMENTS w«,™ 



DMM-700 $49.95 DMM- 100 $29.95 

3.5 DIGIT A UTORANGING DMM 3.5 DIGIT POCKET SIZE DMM 

Shin-pocket portability with no compromise 
in features or accuracy. Large, easy to road 
5" LCD display. 2000 hour battery Irie with 
standard 9v cell provide* over two years of 
average use Probes and battery included, 

• Basic DC accuracy, pius or minus 5% 

• DC voltage. 2v - 1 0OQv. 4 ranges 

• AC voltage: 200v - 750v. 2 rangftft 

■ Resistance 2k ohms - 2M ohms, 4 ranges 

• DC current: 2mA — 2A„ 4 ranges 

■ Fully over-load protected 

• Input impedance: 10M ohm 

■ 1 30 k 75 * 28mm. weighs 1 96 grams 



Autorenge convenience or fully manual oimw 
alien. Salectabk) LO OHM mode permits 
hs in-circuil resistance maasuremonts 
involving semi conductor junctions MEM 
mode lor measurements rotative tea specific 
reading Probes and battery included. 

• Basic DC accuracy; plus or rnmus 0.5% 

■ OC voltage 200m v — lOOOv* outoranging 

or 5 manual ranges 

• AC voltage, 2v — 750v. autorftngino. 

or 4 manual ranges 

• Resistance: 200 ohms — 20M ohms, 
autoranging 

■ AC DC current: 20mA — 1 0A, 2 ranges 
- Fully over -load protected 

• Audible continuity tester 

• Input impedance: 10M ohm 

• 1 50 x 75 % 34mm. weighs 230 grams 




MODEL 2900 $349.95 

20 MHz DUAL TRACE OSCILLOSCOPE 

Model 2000 combines useful features and exacting 
quality. Frequency calculation and phase measure- 
ment are quick and easy in the X-Y Mode Service 
technicians will appreciate the TV Sync circuitry lor 
viewing TV-V and TV-H as well as accurate synchroni- 
zation of tho Video Signal. Blanking Pedestals. VIT5 
and Verticio Horizontal sync pulses. 

• tab quality compensated 1 0X probes included 
- Built-in component tester 

• 1 10-220 Volt operation 

• X-Y operation * Bright 5" CRT » TV Sync filter 



MODEL 3590 $499.95 

. ■ 35 MHz DUAL TRACE OSCILLOSCOPE 

Wide bandwidth and exceptional 1mV DlVsensjlrvify 
make the Model 3500 a powurful diagnostic tool for 
engineers or technicians. Delayed triggering allows any 
portion of a waveform to be isolated and expended for 
closer inspection Variable Holdotf makes possible the 
stable viewing of complex wflvaforms 

• Lab quality compensated 1QX probes included 
- Delayed: and single sweep modes 

• 2 Axis intensity modulation 

• X-Y operation * Bright 5" CRT - TV Sync filter 




$54.95 



DPM-iOOO 

a5 DIGIT PROBE TYPE DMM 

Autoranging. pen style design for one ultimate in portability and 
ease ol use. Custom 80 pin LSI chip Increases reliability - Audible 
continuity tester and data hold feature for added convenience 
Case, lest lends and battenes included, 

* Haste DC accuracy; plus or minus 1% 

• DC voltage: 2v — 500v. autoranging 

* AC voltagia: 2v - SOOv, auloranEjinn 

- Resistance: 2k ohms — 2M ohms, 
autoranging 

- Fully over-load protected: 

• Input impedance: 1 1 M ohm 
■ 1 62 x 28 x 17mm, weighs 75 grams 



2 YEAR 

WARRANTY 

ON ALL 

MODELS 




tfejDR INSTRUMENTS 

km 110 Knowles Drive, Los Gatos, CA 95030 

(408) 866-6200 • FAX (408) 378-8927 • Telex 171-1 

COPYRIGHT 1SSS JDR MICRODEVICES 

THE JDR INSTRUMENTS LOGO IS A REGISTERED TRADEMARK OE JDR MICHODEVICES. 

JDR INSTRUMENTS IS A TRADEMARK OF JDR MICRO DEVICES. 



ORDER TOLL FREE 

800-538-5000 

OR VISIT OUR RETAIL STORE 
1256 SOUTH BASCOM AVE. 
SAN JOSE, CA. (408) 947-8881 

CIRCLE S9 ON FREE INFORMATION CARD 



